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THE NEW WATER TREATMENT PLANT 
OF THE SALEM AND BEVERLY WATER SUPPLY BOARD. 


BY FRANK A. MARSTON* AND JOHN W. RAYMOND, JR.f 
[Redd September 18, 1935.] 


The water supply of the cities of Salem and Beverly, Mass., is obtained 
from the runoff of the watersheds of Wenham Lake and Longham Reservoir 
and from water diverted from Ipswich River into Wenham Lake. The 
quality of the water thus obtained has been the source of criticism for 
some years, particularly with respect to physical characteristics, but also 
at times with reference to bacterial content. To remedy these conditions 
a plant has been built to treat the water by chemicals and by filtration 
through rapid sand-filters. This plant has been built as an ERA project, 
and is said to be one of the largest of such projects in the United States 
involving complicated construction work. 

Sources of Water Supply. The city of Salem was authorized to take 
water from Wenham Lake by Acts of 1864 and the city of Beverly by Acts 
of 1885. This lake, having an effective drainage area of about 3.5 sq. mi. 
and a surface area when full of 250 acres, is situated partly in the town of 
Wenham and partly in Beverly. (See Fig. 1.) The lake has a storage 
capacity of 1950 m.g. of which 800 m.g. are available above the lowest 
level to which it is desirable to draw the water. Experience has shown 
that objectionable odors have been the subject of complaint when the 
lake has been drawn down more than 12 ft. 

Longham Reservoir was built in 1895 under authority of Acts of 1893. 
It is situated in Wenham close to the Beverly line, has a drainage area of 
3.28 sq. mi. and a surface area when full, of 43 acres. The capacity is 55 m.g. 
Water from this reservoir flows by gravity through a 36-in. cast-iron pipe 
to Wenham Lake, for which a head of 5 ft. is available when both the 
reservoir and the lake are full. : 

The diversion of Ipswich River water for Salem and Beverly was 
authorized by Acts of 1913 and is limited to the excess of flow in the river 
over 20 m.g.d. and to a total diversion in any year of not over 2 500 m.g., 
which according to the Act must be taken between December 1 and May 31. 





*Partner, Metcalf & Eddy, Engineers, Boston, Mass. tResident engineer. 
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Later Acts have changed this last restriction so that, with the approval of 
the State Department of Public Health, water may be taken also during 
the months of June to November, if necessary. 

For a dry year like 1914, these sources of supply are estimated to have 
a dependable yield of 6.9 m.g.d. 

Authority. Since 1913, the water supply works have been operated by 
the Salem and Beverly Water Supply Board, now consisting of the City 
Engineer of Salem, Frank P. Morse, the Commissioner of Public Works of 
Beverly, James W. Blackmer and the Chairman, appointed by the Governor 
for a three-year term, Charles Ross, Esq., of Boston. Funds for operating 
the works and for building new works, except as provided in the latter case 
by the Federal Government, are obtained two-thirds from the city of 
Salem and one-third from the city of Beverly. The Board is concerned 
only with the supply works and has no responsibility or authority with 
respect to the distribution of water, a function retained by the cities. 

Water Consumption. Salem is an industrial community, whereas 
Beverly is residential in character. The effect of the installation of service 


TABLE 1.—WaTER CONSUMPTION OF THE CITIES OF SALEM AND BEVERLY. 
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Annual Per cent. Annual Per cent. 
average water metered average water metered 
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15 
23 
24 
23 
24 
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47 
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meters in reducing unnecessary waste of water is well illustrated by the 
statistics from these cities. The marked reduction in water consumption in 
1932 and 1933 was due to the business depression. 

Table 1 shows the annual average per capita use of water and the per 
cent. of services metered in each city, since the installation of meters has 
been an active program. 

For the year 1934, the annual average water consumption in Salem 
was 4.97 m.g.d. and for Beverly 1.63 m.g.d., a total of 6.60 m.g.d. For the 
maximum month, July, the average was 7.67 m.g.d. On the day of maxi- 
mum demand in the summer of 1934, Salem used 6.01 m.g. and Beverly 
3.67 m.g., a total of 9.68 m.g. 

The populations of the two cities, as shown by recent census figures are 


as follows: 
Year. Salem. Beverly. 
22 685 
25 086 
25 871 


Quality of Water. The early records show that Wenham Lake water 
had but slight color for a natural surface water. As a rule the color was 
less than 10 p.p.m. and the average for the eight years prior to 1895 was 
10 p.p.m. Following the completion of Longham Reservoir in 1895 and 


the discharge of water from this source into Wenham Lake, the color of 
water drawn from the lake was much higher, particularly during the 
years just prior to 1913. With the introduction of Ipswich River water in 
1913, there was a marked increase in color. Measurements of the color 
of the water from the several sources are summarized in Table 2, for the 
period 1915 to 1934, inclusive. 

In general, the color of Wenham Lake water is high during the winter 
because of the highly colored water added from other sources and because 


TaBLE 2.— CoLor oF WATER FROM SALEM AND BEVERLY SOURCES OF SUPPLY 
SUMMARIZED FOR 1915 To 1934. 
(Color in parts per million.) 








Longham Wenham 
Ipswich Reservoir Lake 
River. outlet. south end. 





Number of tests 214 216 226 
Average color 89 115 40 


Per cent. of tests in which color was 
Between 11 and 25 : 8.8 
Between 26 and 50 . 87.9 
Between 51 and 100 H 9.3 
Over 100 0 
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of the inability of natural processes to reduce the color while the lake is 
frozen. By May, the color begins to drop and gradually lowers until raised 
again by the introduction of water from Ipswich River or Longham Reser- 
voir in the Fall. 

Objectionable tastes and odors have been the cause of complaints by 
water consumers. Odor-producing alge such as Anabena and Celospherium 
have grown in abundance in Wenham Lake and A sterionella as well as other 
organisms have been present also in large numbers. On several occasions 
a larger number of organisms has been found in the distribution reservoirs 
than in Wenham Lake. This is particularly true of the Beverly reservoir, 
which is an open reservoir* with earthen banks paved with riprap, whereas 
the Salem reservoir is of concrete and covered. 

A part or the whole area of Wenham Lake has been treated at times 
with copper sulphate, and during the summer of 1935 water drawn from 
the lake has been chlorinated. All water taken from Longham Reservoir 
or Ipswich River has been treated with chlorine before its discharge into 
the lake. 

Fishing being prohibited in Wenham Lake, the fish have accumulated 
at times to the point of being a nuisance. To remedy this difficulty, the 
State Department of Conservation has removed fish by trapping and 
placed them in waters open to public fishing within a radius of twenty-five 
miles. As a precaution, each man in the crew doing the work was tested 
to see if he might be a typhoid carrier, and the public was excluded from 
the areas while the work was in progress. 

Trouble has been experienced from “red water’’ and from stains on 
plumbing fixtures caused by corrosive water due indirectly to the decom- 
position of organic matter in the stagnant bottom water of the lake and in 
the water in parts of the distribution systems where organic matter has 
accumulated and where there is little circulation of water. Complaints have 
been made also of dirt in the water. 

With water of such poor physical quality it is not surprising that 
available wells and springs have been drawn on for drinking water, and 
that the sale of bottled water has flourished. 


TREATMENT PLANT. 


The water treatment plant is located at the southerly end of Wenham 
Lake near the pumping stations of the two cities: 

Intake. The existing Salem intake, a concrete structure built in 1915, 
has been taken over by the Board, to serve as an intake for the new low-lift 
pumping plant which pumps water from the lake to the treatment plant. 
The intake includes screens and a 36-in. cast-iron suction line, and is 
designed to draw water at points 10 and 25 ft. below the full lake level. 





*A large covered reservoir is now (1936) being built. 
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Low Lift Pumping Station. The superstructure, 20 by 35 ft. in plan, 
inside, is of red brick of colonial type on a concrete substructure. (See Fig. 2.) 
The motor room is above ground and the pump room below ground. 

The equipment is as follows: 

One 12-in. suction, 10-in. discharge, vertical shaft centrifugal pump, Dayton-Dowd 
Company, rated capacity 2 850 g.p.m. against total head of 53 ft., speed 1 200 r.p.m., 
direct-connected to 50-h.p. synchronous motor, Electric Machinery Mfg. Co., 3-phase, 
60-cycle, 4 000-volt alternating current, direct-connected exciters. 


Fie. 2. — Low-Lirr Pumpine Station, SALEM AND BEVERLY. 


One 14-in. suction, 12-in. discharge, vertical shaft centrifugal pump, Dayton-Dowd 
Company, rated capacity 4725 g.p.m. against total head of 48 ft., speed 900 r.p.m,, 
direct connected to 75-h.p. synchronous motor, type similar to the smaller unit. 

One 16-in. suction, 14-in. discharge, vertical shaft, centrifugal pump, Dayton-Dowd 
Company, rated capacity 5 850 g.p.m. against total head of 52 ft., speed 720 r.p.m., 
direct connected to 100-hp. synchronous motor, type similar to the other two units. 

Two Nash Hytor vacuum pumps, size L-2, direct-connected to 3-hp. motor, 
3 phase, 60 cycle, 110-220 volt alternating current, capacity 25 cu. ft. per minute at 16 in. 
of mercury vacuum. The units are operated by four liquid-level control switches, 
Minneapolis-Honeywell Regulator Co., No. L-620-1 low-water cut-off mounted on 4 
steel vacuum tank 30 in. diameter by 60 in. long, connected to the pump-suction main. 

One automatic motor-driven vertical shaft centrifugal sump pump, Yeomans D-3. 


Electric power from the Beverly Gas and Electric Company, is brought 
to an outdoor substation near the low-lift pumping station by two different 
routes, one for normal use and one to be used in case of failure of the other. 
The substation transforms the power to 4000-volts, 3-phase, 60-cycle, 
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alternating current, which is expected to be the primary voltage in this 
district in the near future and hence was selected as the operating voltage 
of the principal electric-power-driven units. The primary-voltage electrical 
control-equipment and switchboards were manufactured by Roller-Smith 
Company of Bethlehem, Pa. 

The service-entrance oil-switch unit, disconnecting switches, relays, 
current and potential transformers, meters and appurtenances and low-lift 
pump-motor control equipment are installed in six factory-assembled, 
safety-type steel cubicles located in the motor room of the low-lift pumping 
station and arranged to form a complete dead-front switchboard. The 
equipment provides for remote control of the low-lift pumps from the 
Filter Plant with automatic, reduced-voltage starting and control of the 
field. 

The motor starters in the Chemical House for the wash-water-pump 
induction-motors are also installed in two safety-type, steel cubicles. 

Transformers are provided at each building to furnish the 220-volt 
and 110-volt service required for small motor and lighting services. 

Force Main and Venturi Meter. The water lifted by the pumps in the 
low-lift pumping station will be discharged through a 24-in. cast-iron pipe 
900 ft. long to the mixing tanks in the chemical house. The rate of pumping 
will be measured and recorded by means of a 24-in. by 12-in. Venturi meter 
with indicating-registering and recording instrument, made by Simplex 
Valve & Meter Co. 

The force main also includes an automatically controlled type R-K 
butterfly valve, 30-in. size, designed to regulate the height of water on the 
filters and prevent overflowing them. This regulator was made by Ruggles- 
Klingemann Mfg. Co. of Salem and is mechanically operated by float- 
controlled relay power-motor. 

Mixing Tanks. There are two mixing tanks of concrete, each 18 by 
18 ft. in plan and 17.5-ft. water depth, designed to be operated in series, in 
parallel or individually, as desired. Each tank is equipped with a slow- 
motion wooden stirrer driven by a 2-h.p. electric motor through a 400 to 1 
gear reduction and through a Reeves No. 00, 4 to 1 speed reducer. Motor 
speed 1140 r.p.m. The flow through these tanks is against the rotation of 
the stirrers and also vertical. In these tanks the water will be thoroughly 
mixed with the chemicals, the speed of the stirrers being regulated to form 
the optimum size of alum floc. The capacity of the two tanks is equivalent 
to a storage of 15 minutes at a rate of 8 m.g.d. 

Coagulation Basins. There are four covered concrete basins each 95 ft. 
long by 33 ft. wide, inside, by 15-ft. average water depth and having a com- - 
bined capacity equivalent to 4 hours storage at 8-m.g.d. rate of flow. Each 
basin is divided longitudinally by a wooden baffle which causes the water 
to flow the full length of each basin and back. The basins will be operated 
in parallel. Gates are provided to control the two inlets and a drain in each 
basin, and there are a weir and a channel to collect the settled water. 
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When a basin is taken out of service for cleaning, the supernatant settled 
water can be drawn off and pumped into the influent conduit leading to the 
other basins. For this purpose the following unit has been installed in the 
basement of the chemical house. 

One 6-in. suction 5-in. discharge horizontal shaft, double suction centrifugal pump, 
Dayton-Dowd Company, rated capacity 400 g.p.m. at total head of 23 ft., 1 150 r.p.m., 
direct-connected to a 5-hp. General Electric induction motor. 

The basins are built of reinforced concrete with a flat: slab roof covered 
with earth and with earth banks on the sides. 


Fig. 3. — InTERIoR oF Fiuter House, SALEM AND BEVERLY. 


Filters. There are eight concrete filter boxes, arranged four on each 
side of the pipe gallery, and each 18 by 23 ft. in plan inside and 9 ft. depth 
of water. (See Fig. 3.) The wet sand area of each is 366 sq. ft. At the 
conventional rate of filtration of 125 m.g.d. per acre, each filter will have 
a normal capacity of 1 m.g.d., or a total of 8 m.g.d. for the plant. It is 
expected that a rate of 150 m.g.d. per acre will be practicable, thus making 
the capacity 10 m.g.d. 

The underdrainage system consists of 3-in. cast-iron pipe laterals, 
6 in. on centers, connected to a central concrete conduit 2 ft. 6 in. wide by 
2 ft. 10 in. high. The pipes are perforated with two rows of 14 in. holes, 
6 in. on centers staggered and pointing down on a line 224% degrees each 
side of the vertical. 
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The lower part of the filter consists of four layers of selected screened 
gravel as follows: 








Depth Size of opening through Size of opening on which 
Inches. which gravel will pass. gravel will be retained. 





214-in. circular ring 1-in. cireular ring 

114-in. circular ring 34-in. square mesh 
34-in. square mesh \4-in. square mesh 
14-in. square mesh No. 12 mesh U. S. 

Standard sieve 














The bottom layer is measured from the concrete floor and includes the 
cast-iron pipe laterals. The two larger sizes of gravel were obtained in 
part from the Walpole Sand & Gravel Co., and in part from a sea-shore 
deposit of shingle. The remainder came from the Lynnfield pit of the Essex 
Sand and Gravel Co. 

The filter sand, obtained from Plum Island, Mass., was specified to 
have an average effective size of not less than 0.35 m.m., nor more than 
0.45 m.m., and a uniformity coefficient of not more than 2.5. The filters 
were designed to have a depth of sand of 30 in., but at the outset 3 in. more 
were added to permit scraping 1 in. from the surface after washing in place 
and to allow for consolidation. 

The depth of water over the sand is 5 ft. with 12 in. of freeboard. 

There are three steel wash-water troughs in each filter, located 6 ft. on 
centers, with the top edges 2 ft. 6 in. above the surface of the sand. The 
troughs have sloping bottoms draining to a main gutter along the side. 

The discharge of each filter is controlled by a 12-in. direct-acting filter- 
rate controller and diaphragm unit with rate-setting device, made by 
Builders Iron Foundry, range of capacity is from 750 000 to 3 000 000 g.p.d. 

The controls of each filter are placed in an operating table located in 
front of each filter on each side of the central operating gallery. The 
hydraulically-powered valves on the influent, effluent, wash-water and 
drain pipes are each controlled through a four-way piston-type valve 
operated by a vertical lever through a cam supported on the top of the 
table. Indicators showing the valve positions are worked by bronze cables 
running over sheaves. 

The tables have 114-in. black slate tops and bases, with 7%-in. Italian 
marble ends and stiles, and two black Transite doors in front. Electric 
fixtures and other fittings are chromium plated. The tables were made by- 
Norwood Engineering Company of Florence, Mass. 

Indicating loss-of-head and recording rate-of-flow gages, 8-in. size, 
with diaphragm-pendulum units were made by Builders Iron Foundry. 

Wash Water. Filtered water for washing the filters is provided by two 
centrifugal pumping units as follows: 
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Two 18-in. suction, 16-in. discharge horizontal shaft double suction centrifugal 
pumps, rated capacity 8 000 g.p.m. each at a total head of 50 ft., speed 860 r.p.m., direct 
connected to 125-h.p. General Electric induction motors, Form KT, 3-phase, 60-cycle, 
4 000-volt alternating current. 

The pumps have a suction main from the filtered water reservoir. 

The rate of discharge is governed by a 24-in. wash-water rate-controller with type 
MGO indicating, recording and totalling instrument made by Simplex Valve and Meter 
Company. This controller has a range from 3 to 12 m.g.d. 

The filters have been designed to be washed at a rate of 36 in. vertical rise of wash 
water per minute or less. 

Filtered-Water Reservoir. This structure is of concrete, inverted 
groined-arch floor, groined-arch roof and semi-elliptical arched side walls. 


Fig. 4. — InTeR1oR oF FILTERED WATER RESERVOIR, SALEM AND BEVERLY. 


(See Fig. 4.) The inside dimensions are 217 ft. square by 13.25-ft. depth 
of water. The capacity is 4 m.g. 

The groined-arch type of construction was used to provide a maximum 
of labor with a minimum of expense for materials. It is, also, an advan- 
tageous type of construction where the structure is completely covered with 
earth, and below the surface of the ground and where the foundation 
material is firm. 

There are 144 concrete columns, 16 ft. 7 in. on centers, 24 in. square, 
each supporting a roof unit. The height from the low point in the floor to 
the crown of the roof is 15 ft. 5 in. 
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The height of water in the reservoir is recorded in the chemical house 
by a 10-in. liquid-level recorder of the diaphragm type made by the Foxboro 
Company. 

A 30-in. and a 24-in. main lead from this reservoir to the pumping 
stations of Salem and Beverly respectively. Thus the filtered-water 
reservoir serves as a suction reservoir for the pumps which force the filtered 
water into the distribution systems of the two cities. 

Chemical Handling. Ground sulphate of alumina, powdered soda ash, 
or hydrated lime, and activated carbon will be discharged into the water by 


Fig. 5. — CHEMICAL AND Fitter Hovusss, SALEM AND BEVERLY. 


means of type MOF electric-motor-driven dry-feed chemical machines 
made by Wallace & Tiernan Co., Inc. Each machine has a hopper which 
extends from the mixing tank room to the second floor overhead where the 
chemicals are stored. A spare machine is provided for emergency use. 

Chlorine will be applied either as pretreatment or after filtration by 
means of a visible-vacuum manually-controlled, solution-feed chlorinator, - 
type MSV-M, A-328 assembly of 60-lb. per 24 hours capacity made by 
Wallace & Tiernan Co., Inc. 

Ammonia will be fed by means of a direct-feed manually-controlled 
ammoniator, type MDPA-M of 35 lb. per 24 hours capacity, also made by 
Wallace & Tiernan Co., Inc. 
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Chemicals will be brought to the plant in trucks and raised to the 
storage floor by a 6 ft. 6-in. by 5-ft. platform, 2 000 lb. capacity automatic, 
electrically-operated freight elevator made by F. 8. Payne Co. 

Buildings. The chemical house, consisting of a basement, largely below 
ground, and two floors above ground, is 51 ft. 8 in. by 68 ft. 2 in. in plan, 
built of red brick with white trimmings of Colonial design in keeping with 
the old houses of Salem and Beverly. (See Fig. 5.) The building houses on the 
ground floor an entrance lobby with an ornamental fountain which serves 
as the “show window” for the plant’s finished product; an office where 
records can be prepared and filed and where are located the recording 
instruments of the main Venturi and wash-water meters, also the remote- 
control switches for stopping the centrifugal pumps in the low-lift station; 
a chemical laboratory, 27 ft. by 15 ft. in plan, fully equipped for water 
examinations and analyses; and the mixing-tank room in which are the 
dry chemical-feed machines and stirrer mechanisms. The second floor is 
the chemical-storage room with openings to the hoppers of the machines, 
also a chlorine room for the chlorinator and ammoniator. The basement 
includes the oil-fired steam boiler, the butterfly valve, the wash-water pumps, 
pressure-water pumping units, vacuum priming-system for these pumps, 
wash-water rate-controller, settled-water pump, some electrical control- 
apparatus, piping and the transformer room. 

Directly adjoining the chemical house, in reality a part of the same 
structure, is the filter house, 59 ft. by 100 ft. 6 in. in plan, completely hous- 
ing the eight filter units and operating floor, and below that the pipe gallery, 
18 ft. wide and 100 ft. long. 

The buildings have reinforced-concrete structures, reinforced-concrete 
floors and structural-steel frames. The pitched roofs are of slate laid on 
gypsum plank, and the flat roofs are tar and gravel on a concrete deck. 

Miscellaneous Equipment. The vacuum priming-system for the wash- 
water and pressure-water pumps consists of : 

One Nash Hytor vacuum pump, size MD-2A, direct-connected to a 34-h.p. electric 
motor, capacity 6 cu. ft. per min. at 16-in. mercury vacuum. 

One Nash Hytor vacuum pump, size L-2, direct-connected to a 3-h.p. electric 
motor, capacity 25 cu. ft. per min. at 16-in. mercury vacuum. 

One steel vacuum tank 20 in. diameter by 3 ft. long, equipped with liquid-level 
control switches of the Minneapolis-Honeywell type. 

One steel vacuum tank 30 in. diameter similar to the above. 

The pressure-water system serving the chemical-feed machines, 
chlorinator, ammoniator, wash-water rate-controller and hydraulic valves 
comprises the following: 

One Burks self-priming pump, Fig. 1415B 2 in. by 1% in. direct connected to a 
3-h.p. electric motor, 3 440 r.p.m. capacity 40 g.p.m. at 120 ft. total head. 

One Jennings single-suction centrifugal pump, size S114D, direct connected to a 
7\4-h.p. electric motor, capacity 100 g.p.m. at 160 ft. total head. 

One galvanized steel pressure tank of 220 gal. capacity. 
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Wash-Water Lagoons. Three open lagoons operated in series receive the 
the dirty wash-water from the filters and the sludge from the coagulation 
basins. The first two lagoons have an area of about 30 000 sq. ft. each and 
are 4 ft. deep. The third lagoon has an area of 50 000 sq. ft. and is 6 ft. 
deep. Water passing through the third lagoon, overflows to Wenham Lake. 
In this way, the wash-water is recovered after clarification by sedimentation 
in the lagoons. 

The lagoons were formed by building dikes in the swamp adjoining the 
Lake. The swamp was virtually a floating mass of muck and peat as much 
as 30 ft. deep in places. Building of the dikes caused some of this peat to 
sink to hard bottom and some to be pushed out in front of the fill. Paced 
spillways are built in the dikes for the overflows, and the exposed face of 
the dike in the lake is paved with 12-in. riprap to prevent erosion due to 
wave action. 


CONSTRUCTION. 


During the latter part of August 1934, Mayor George I. Bates of 
Salem obtained approval of the Massachusetts ERA Administration for a 
relief labor project for the construction of the water-treatment plant. 
Following an intensive campaign, bond issues were authorized by the two 
city governments, construction drawings were started August 28, and on 
September 21 construction began. The speed with which this project was 


organized and men put to work, illustrates forcibly the advantages of the 
ERA program over the PWA with its attendant time-consuming red tape 
and delays. Men were at work several weeks before the drawings were 
completed. Owing to the approach of freezing weather and the large volume 
of earth excavation required before concrete could be placed, it was decided 
to do as much of the excavation as possible, by machinery. 

This plant is built near the shore of Wenham Lake, and on that 
account special precautions had to be taken to prevent pollution. A 
sanitary building was constructed and a sewer-connection laid to a nearby 
Beverly sewer. An existing building was moved to the site and remodeled 
for an office. Other temporary buildings were put up for a mess hall, tool 
room and first-aid room, a cement shed and a carpenter shop. Sufficient 
land for the permanent plant was already owned by the cities, but additional 
land was rented for construction purposes. Four trucks and a concrete 
mixer were purchased, but all other major pieces of construction equipment 
were rented. Nearly all small tools and supplies were purchased. Materials 
of construction were bought under contracts awarded after competitive 
bidding. 

All of the unskilled labor and most of the skilled labor came from the 
employment relief lists and were paid therefore by the ERA. The Water 
Supply Board carried a portion of the expense of the technical staff and 
some labor costs for overtime work, etc. Except in the case of the non- 
telief men, a few full time foremen, the clerk of works and the material 
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clerk, a man worked not over 24 hours per week, 8 hours per day. One 
shift worked 8 hours per day for 3 days in one week, then worked the next 
3 days in the second week, and then was laid off for 6 days. The next 6 
days were then worked by the second shift. At the height of the work, 
each shift contained about 250 men. The rate of expenditures for labor and 
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Fig. 6. — NuMBER EMPLOYED WEEKLY AND PAYROLL DURING CONSTRUCTION. 


the number of men employed at various times are shown in Figure 6. 
Periodic reductions in payrolls and in the number of men employed was the 
result of the administration of the funds as allotted monthly rather than the 
needs of the work. 

Winter Construction. The project was carried on throughout the winter 
with only four or five days of shutdown because of stormy weather and 
snow. Low temperature delayed the start of concreting operations on a 
number of days, but rarely for more than one half hour. There were 32 
days on which the temperature dropped to 10°F. or below, and of these, 14 
days on which it went to zero or below. 
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Heating Equipment. Two 75-h.p. boilers were used to provide steam. 
Water for concrete was heated by bleeding the steam into water in elevated 
steel tanks. Sand was warmed by steam bleeding from a system of 114-in. 
pipe grids with 1-in. holes 18 in. on centers laid on a wooden platform on 
which the sand was stored until ready for mixing with the other concrete 
materials. In general, the stone aggregate was not heated, but at times 
tarpaulins were used as covers to keep out snow. 

Frost and Ice. Snow and ice in the forms and stone piles were removed 
by steam from a pipe nozzle on the end of a hose line. Hot water was used 
effectively to remove the thin layers of frost from the ground and from 
forms upon which concrete was to be placed. Where frost to be removed 
from the soil had penetrated more than a few inches, perforated 114-in. 
pipes were laid about four feet apart and covered with tarpaulins and steam 
supplied for from one to three days, depending upon the thickness of frozen 
ground. Experiments were tried with oil-burning salamanders for removing 
frost and ice from the ground inside the coagulation basins, but these were 
unsuccessful because of inability to confine the heat near the surface. 

Temperature of Concrete. Using warmed sand and hot water, little 
trouble was experienced in producing concrete at a temperature of 70°F, 
even with air temperatures at zero or below. 

Curing Concrete. With one exception, wet steam was used to maintain 
the temperature of the concrete until it had obtained the desired strength. 
In the case of walls and columns, this was done by bleeding steam from 
perforated pipes next to the forms within enclosures built with tarpaulins. 
Concrete in slabs, beams and arch-roof construction was cured by enclosing 
the space beneath and covering the top surfaces with tarpaulins supported 
a foot or so above the concrete and then bleeding wet steam both beneath 
the supporting forms and beneath the covering tarpaulins. In general, 
high-early-strength cement was used after freezing weather set in. All con- 
crete made with high-early-strength cement was kept warm until it was 
72 hours old. 

During the early part of December, the concrete walls and beam 
supports for the entrance steps of the low-lift pumping station were placed, 
using standard cement. This concrete was of satisfactory temperature 
when placed and was protected from cold only by the forms and a tarpaulin 
for a period of 10 days, when upon examination it was found to be frozen 
and with practically no set or hardness. It could be readily dug out with a 
pocket knife. A coke-burning salamander was then placed beneath the 
forms and a temperature of about 90°F maintained for 14 days, after which, 
upon examination, the concrete was found to be hard and dense. The formis 
were then stripped and the masonry exposed to the weather. No scaling, 
crumbling, checking or other noticeable defect is now apparent on the 
surface of this concrete which probably froze before it obtained its initial set. 

In a few instances, to prevent freezing, rye straw was used to cover the 
concrete and foundation soil which was prepared in advance of the erection 
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of forms. This was unsatisfactory because of freezing of the straw covering 
following rain or melting snow. It was difficult thoroughly to remove all 
the straw where it had been placed on previously poured concrete. The 
straw also constituted a serious fire hazard. 

Construction Methods. Heavy excavations were made with gasolene- 
powered shovels and trucks. Deep trench excavations were made largely 
by a clam-shell-bucket excavator. Much of the material moved in the 
construction of the lagoons was by a drag bucket excavator. Finished 
excavations for foundations and pipe lines were made by hand labor. 

Concrete Handling. Aggregates were supplied to the mixer loading- 
hopper by wheelbarrows from stock piles. Mixed concrete was transported 
to the forms in concrete buggies on plank runways. 

Brickwork. Brickwork in building walls was carried on during mild 
days of the winter. Frost was removed from the bricks before using by 
stacking them around coke-burning salamanders. Newly-laid brickwork 
was protected from cold by a wind break of “sisalcraft’’ paper on wooden 
framework outside the stagings, and by using coke-burning salamanders 
at from 6- to 8-ft. intervals on each side of the wall until the mortar had 
set hard. 

Labor Cost. The cost to the ERA for labor for the construction of the 
filter plant and lagoons, exclusive of labor for grading, roadways, and walks, 
was $293 150. 


The following scale of wages was in effect. 


UNSKILLED 


Common Labor, Watchmen and Light Truck Drivers 


SemMI-SKILLED 


Heavy Truck Drivers 

Jack Hamer Men 

Mixer Operators; Pump Men; Electricians Helpers 
Plumbers Helpers, Pipe Workers, Steamfitters Helpers 
Mason Tenders 


Compressor Operator 

Mechanics 

Painters; Glaziers 

Electricians 

Carpenters; Equipment Erection Men 

Roofers; Lathers 

Sheet Metal Workers 

Blacksmiths; Steam Fitters; Plumbers; Structural Steel and Reinforced Steel’ 
Men, Light Iron Workers, and Riggers 

Masons; Plasterers and Cement Finishers 

Hoisting Engineers; Shovel and Crane Operators 
Later changed to 
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Painters (on Supplemental) 
Shorers; Trench Bracers 
Pipe Caulkers 


The unit labor costs, exclusive of overhead and supervision, on some 


of the major items were as follows. 
Mixing and 
Placing Forms 
Dollars. Dollars. 
Plain concrete in reservoir floor — per cu. yd 3.76 2.26 
Plain concrete in reservoir columns, walls and roof — per cu. yd. 4.04 7.25 
Reinforced concrete in pumping station substructure — per cu. yd. 4.52 8.08 
Reinforced concrete in coagulation basin — per cu. yd 5.98 
Reinforced concrete in chemical and filter buildings including sub- 
structure and floors and roofs — per cu. yd 
Placing reinforcing steel in coagulation basin — per ton 
Placing reinforcing steel in pumping station substructure — per ton 28.30 
Placing reinforcing steel in chemical and filter building — per ton.. 42.60 
Erection of structural steel — per ton 38.90 
Brickwork (including glazed tile work and granite trim) — per 1000 50.40 


9.50 


Cost of Curing Concrete and Heating Materials. Heat for concrete work 
was used from November 6, 1934 to March 24, 1935, during which period 
4645 cu. yd. were placed. 


The average unit cost of this protection, exclusive of overhead and 
supervision was $2.58 per cu. yd. subdivided as follows: 


Dollars per Cu. Yd. 
1.21 
0.17 
0.60 


Tarpaulins 0.47 
Pipe fittings, ete 0.13 


2.58 


Snow Removal. There were six days when snow fell in sufficient amounts 
to interfere with construction operations. Exclusive of the cost of removing 
ice and snow from forms on a few days at the start of concreting operations 
in the morning, which is included in the cost of mixing and placing concrete 
as given previously, the labor cost of removing snow, clearing roads and 
paths was $1 965. The total snowfall was 45 in. as measured at the Salem 
pumping station rain-gage located on the lot adjacent to the job. x 

Cost of Project. The cost to the two cities for administration, engineer- 
ing, superintendence, materials, equipment and a small amount of labor 
was covered by bond issues amounting to $351 000, of which Beverly issued 
one-third and Salem two-thirds. All of this amount will have been expended 
when the grounds about the plant have been completed. This includes, 
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also, the purchase of the existing intake structure and suction pipe from 
the city of Salem. The balance of the cost, for labor, was provided through 
ERA projects and recently by a WPA grading project. 
The total costs are as follows: 
ERA project — original 
First supplemental 
Second supplemental 
Lagoon project 
WPA Roads, grading, etc., estimate not completed 
Bond issues 


Acknowledgments. Acknowledgment is made of the assistance of 
Mr. James O. Phinney, Clerk of Works, in compilation of cost records from 
which the data given herein were determined; also, for helpful suggestions 
from Mr. A. James Walsh, Superintendent of Construction. Credit is due, 
also, to Austin B. Henderson and Harold V. Robichau, assistant engineers 
and to the foremen and skilled mechanics employed on the work for the 
excellent construction produced under conditions that were not only 
unusual but, at times, rather trying. 
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WATER DEPARTMENT 
REGULATION OF WATER PIPES WITHIN BUILDINGS{ 


BY STEPHEN H. TAYLOR.* 
[Read February 20, 1936] 


It is the opinion of the author that insufficient attention has been 
given in the past by water works officials to water piping and fixtures inside 
of the taker’s premises. Until last year, we in New Bedford have felt that 
when we assured ourselves that service pipes up to and including the meter 
were of proper material and properly installed our responsibility and juris- 
diction ended and that what was installed inside of that point was wholly 
the affair of the owner and his plumber. I think it is safe to say that most 
of the other communities in this country have taken the same attitude. 

As a result, we find that in many cases inferior material and workman- 
ship have been employed and fixtures so designed as to introduce a danger 
to health through pollution of the supply within buildings caused by 
siphonage or gravity backflow of polluted water from bowls and other 
fixtures into the water supply piping. 

When building was booming and numerous speculators were building 
houses to sell, it was an unfortunate fact that in many cases the speculator’s 
idea was to build as cheaply and sell at as high a price as possible. This 
resulted in a great many buildings being piped for water with poor materials 
and fixtures which were installed in many cases by incompetent workmen. 

It is a well-known fact that the surface water which furnishes the 
supply to New Bedford is rather active and quickly fills wrought iron and 
steel pipes with rust and tubercles. The same is true of many other com- 
munities. In spite of this, many buildings have been piped with this type 
of material, with the result that after comparatively few years have 
elapsed, water cannot be drawn through more than one fixture at a time 
and that one delivers only a weak supply. That part of the service which is 
installed by the water department in New Bedford is of lead in sizes up to 
1 in.; and copper or cast iron in the larger sizes. In most cases we have 
installed the service up to the meter which is usually in the cellar at the 
point where the service enters the building. 

_ When the complaint of poor flow comes to us we clear the tap if neces- 
sary and prove that the supply is ample to the meter and that the trouble 
is caused by the steel piping inside the building filling with rust and tubercles. 
This means many unnecessary visits and takes considerable time of our 
employees. When the owner finds that his only remedy for the trouble 
is to repipe the entire building, to say that he is naturally somewhat dis- 
turbed is stating the case mildly; as in most cases the piping is concealed 





*Superintendent, New Bedford Water Works, New Bedford, Mass. , ; 
+Members of the Association are invited to correspond with Mr. Taylor's committee appointed to 
consider the advisability of water department control of interior piping and fixtures. 
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within the walls and replacement is an expensive proposition. We have 
also found that there is a growing tendency to install fixtures so designed 
that polluted water from them will flow back into the water supply pipes 
either by gravity or siphoning in case the pressure is reduced by heavy 
draft or the water is shut off either in the building or in the street. 

In an effort to improve these conditions the Water Board adopted 
a set of rules and regulations, effective June 1, 1935, governing the installa- 
tion of house piping, which we feel will benefit the water department and 
more especially the public. The following are some of the principal require- 
ments: 


All services must be laid by the Water Department from the main to the meter. 

No cross-connections are allowed between the city supply and any other supply 
which is not approved as potable by the State Department of Public Health, except 
when properly protected by double check valves of an approved type. Such installations 
must be inspected and tested by the Water Department at such intervals as it shall 
determine. 

Plans of proposed new installations or alterations of existing systems must be 
submitted to and approved by the Water Department before starting work. 

All inside piping must be installed under the supervision of a master plumber except 
in plants where competent pipers are regularly employed and except that connections 
to water heaters and similar equipment may be made by persons regularly engaged in 
installing such equipment; all subject to inspection and approval by the Water Board. 

The city ordinances place the supervision of hot water tanks and water heaters 
under the jurisdiction of the Board of Health. That department works in coéperation 
with our department regarding this equipment and has established rules requiring such 
equipment to be installed in a manner which will be safe and prevent forcing hot water 
back to damage meters. 

All master plumbers are required to register their name and business address at the 
Water Board office. 

All installations are tested under city pressure in the presence of our inspector before 
acceptance. 

All pipes less than 4-in. in diameter must be of lead, brass, copper or other non- 
ferrous material. Pipes 4 in. and larger in diameter may be of cast-iron properly coated 
and lined with material approved by the Water Board. 

Standard minimum weights are established for each kind of pipe allowed, and 
standard minimum sizes are established for each tenement and fixture. 

No pipes which have previously been used for other purposes are allowed to be 
employed for water service. 

It is required that the service be carried full size to the point where the last branch 
is taken off. Accessible separate shutoffs are required in the basement for each tenement 
and for each hot water tank. 

Concealed piping, tanks, etc. must be properly protected against freezing and must 
be tested before being concealed. The bottom of flush tanks for water closets or urinals 
must be above the overflow level of the fixture when the drain is obstructed. 

All flushometer valves must bé equipped with a vacuum breaker of approved type. 

We require that when the water is delivered to any receptacle below the overflow 
line of the receptacle when the drain is plugged, provision be made to prevent backflow 
from the receptacle, by siphon breaker, check valve or other approved method. 


The inspection has been placed in the hands of a master plumber of 
long experience who has the respect and confidence of all master plumbers. 
He is a full-time employee of the Water Board and has the complete co- 
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operation of the Plumbing Inspector of the Board of Health. The rules 
have been in effect since June 1, 1935, and the results have been very 
satisfactory. The master plumbers codperate very well with us as the 
regulations protect them against unfair competition of unlicensed men 
and inferior materials. The public gains by being assured of proper supply 
to approved water fixtures and the department gains by being relieved of 
many complaints due to improper materials or workmanship. 

As far as the author knows, very few communities have made rules 
regulating water service piping and fixtures inside of buildings. Board of 
Health plumbing regulations generally concern drains only. Is it not just 
as essential that proper fixtures, designed to prevent pollution through 
backflow and provided with an ample supply of pure water, be furnished 
our consumers? No matter how complete the main distribution system and 
service connection may be, the consumer will not get the supply he is 
entitled to at his fixtures and the protection against pollution within his 
own property unless either the water or health departments see to it that 
proper interior piping and fixtures are installed by competent workmen. 

Our City Solicitor has ruled that the supervision of the entire water 
supply except water heaters and hot water tanks up to and including proper 
fixtures is within the jurisdiction of the Water Department. After serving 
its purpose in the fixture the water becomes drainage and then comes under 
the supervision of the Board of Health through its Plumbing Inspector. 

Incidentally it is interesting to note that in spite of the fact that no 
new building is going on, in the 814 months since these rules became 
effective, about 700 permits for alterations and replacements have been 
issued. 

It may be interesting to cite two outstanding cases of potential 
pollution that have recently come to the attention of our inspector. 

In a large addition to ovr high school, housing several thousand pupils, 
several laboratory sinks were installed on the fourth floor with an ordinary 
faucet on one side and a gooseneck faucet working on a ground joint swivel 
on the other side. Both fixtures were below the overflow level of the sink. 
The polluted contents of these sinks could very readily enter the supply 
pipe if for any reason the pressure was low and could be distributed through- 
out the building to the drinking water. (See Figure 1 of Discussion.) 

In a good sized department store, a soda and lunch counter was 
installed. Behind the counter is a spoon and ladle washer with waste and 
supply connections in a single unit brought in through the bottom. The 
bowl stands about one-third full, and spoons and ladles are dropped into it. 
At intervals the water is changed. Naturally grease collects in the bowl, 
requiring the use of strong solvents to remove the accumulation. This 
mixture could easily flow into the supply line, if the pressure was lowered, 
and be fed to other fixtures, including the carbonator which supplies the 
soda fountain. (See Figure 2 of Discussion.) 

These cases and many others show the need of constant vigilance on 
the part of someone, and we in New Bedford have decided that the Water 
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Department should assume this responsibility as there is a possibility that 
pollution from such sources may get back into our mains by siphonage or 
gravity when it becomes necessary to shut off the street mains. 

I realize that this is an innovation in water works affairs, but we 
believe it is one which is worth while, and I hope that this paper will start 
some discussion and start other people thinking along the same line. 

It should be understood that rules governing pipe materials that apply 
to one community may be all wrong for another one. For instance, the 
action of some waters on lead pipe will cause lead poisoning. In such cases, 
lead pipe should be prohibited. With other waters, wrought iron and steel 
pipes may be satisfactory. In some cases ordinary yellow brass will not 
give good service. To sum up the situation, each of us should study 
conditions in our own community and formulate piping rules to fit 'ocal 
conditions; allowing the use of only such pipes as are satisfactory under 
these conditions. This will benefit the public and the water department. 

Local ordinances must also be considered. It may be that in some com- 
munities other authorities already have jurisdiction over water piping and 
fixtures. If so, codperation with that authority should be sought by the 
water department to remove the possibility of pollution of the public water 
supply by improper cross-connection between drainage and water supply by 
improperly designed fixtures. 

Communities which are supplied by private water companies are still 
another problem, but I believe some method can and should be worked out 
to remove the potential dangers of improper piping and fixtures; perhaps 
by codperation between the water company and the health authorities. 
In any case our codperation with local and state health departments is 
important. 

Please do not lose sight of the importance of that section of my dis- 
cussion pertaining to pollution by cross-connections with drains and to 
fixtures which permit the backflow of their polluted contents through the 
water piping to other fixtures from which polluted water may be drawn for 
drinking and similar purposes, and possibly into our mains. This is our 
best justification for our interest in the matter, and rules governing this 
feature could probably be universal. 

I believe it would also be well, where possible, for water departments 
to regulate water heaters and hot water tanks, not only on account of the 
danger of explosion and consequent loss of life and damage to property but 
to eliminate the backing of hot water through services, where damage is 
done to meters, and into mains. The only reason we did not include these 
in our regulations was that jurisdiction over them had previously been given 
by our City Ordinances to the Plumbing Inspector of the Board of Health. 
Fortunately, he has codperated very well with us and established excellent 
rules regulating them. 

It would be very desirable if codperation could be established with the 
manufacturers of fixtures to encourage the manufacture and sale of properly 
designed fixtures and discourage those which are likely to cause pollution. 





DISCUSSION. 


DISCUSSION. 


James F. Murpny.* I shall give a description of some of the more 
glaring examples of cross-connections with which I have come in contact 
during the course of building inspections. 

In each instance the type of connection involved was almost certain 
to develop water pollution or contamination of the water supply to the 
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several fixtures on these systems. A study of Figure 1 will show an apparent 
lack of thought as to what might happen through undesirable connections 
by the designer of a new type of table for use in a chemical laboratory. 
Several of these tables were installed in a laboratory of one of the newest 
educational institutions in the country where the designer had laid a great 
deal of stress on providing a clear, unobstructed top to the laboratory table. 
In so doing he produced a condition that might have proved disastrous at 
*Inspector of Inside Water Piping Installations, New Bedford Water Department. 
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some future time to some of the several thousand students at the school, 
A very deep slate sink was built into the table top, and provided with a 
cover which when placed in position entirely concealed the sink. This made 
a very clean, smooth, unobstructed surface but at the same time created a 
decidedly undesirable condition in the plumbing system. The slate sink 
was provided with one ordinary faucet brought in through one side and a 
gooseneck faucet working on a ground joint or swivel, on the other side. 
This latter faucet stood upright when in use, and could be swung to the 
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bottom of the sink when the latter was to be covered to provide an unob- 
structed table surface. 

Whenever it was necessary to fill the sink with water for washing 
purposes, or for any other reason, a standing overflow pipe could allow 
the water, with whatever impurities it had gathered from the sink, to rise 
above the faucet in the side, and also in the swivel faucet, if it had been 
swung downward, due to the fact that the outlet holes in the overflow pipe 
were well above both faucets. And again, if the waste outlet became clogged, 
the resultant backflow could also submerge both faucets. Thus, if the main 
supply were by chance shut off, the impure contents of the sink in the form 
of water, acids, chemicals, etc., could find their way by gravity and siphon- 
age into the single unbranched vertical line which supplied several of the 
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sinks. Inasmuch as the laboratory was located on the fourth floor the im- 
purities could easily reach the drinking fountains, or any number of faucets 
at the fixtures on the floors below. This dangerous condition is to be 
remedied through the use of spouts that will be located well above the tops 
of the sinks. 

Figure 2 refers to a condition in a large size department store where 
the management decided to add to its various branches, facilities for serving 
drinks, and luncheons. Accordingly a modern up-to-date and fully equipped 
soda fountain was installed. To the ordinary observer the outfit was per- 
fection itself, but to a plumber with a mind full of cross-connections it 
developed that there was just one thing about the fountain that did not 
appeal to a person informed on this subject. There was the regular tumbler 
washer with a spring or self closing valve that entered the bottom of the 
fixture. A strong spring arrangement closed the valve after it had been 
opened to wash a tumbler, by pressing the inverted glass downward. 
Next to the tumbler washer was a spoon, scoop, or ladle crock, used for the 
purpose of washing the ice cream ladles. This crock had both waste and 
supply connections in a single unit, brought in through the bottom, and 
was so arranged that it stood about one-third full of water constantly to 
allow the cream to melt off the ladles. 

This water after a time was to be discharged into the waste system, 
and the crock refilled by opening a supply valve that was extended out 
where it could be conveniently operated by hand. Naturally greasy sub- 
stances from the various kinds of cream collect on the inner walls of these 
crocks, requiring from time to time the use of a strong solvent to remove 
the accumulation. And therein lies the objection to such an arrangement 
because, during this cleansing process the main water supply might be 
shut-off with the following result. The released impure waste water could 
flow into the main supply line, from there into the carbonator which is 
generally located directly underneath the fountain, and there become 
mixed with the carbonated water which has been generated. This impure 
mixture could then be delivered back to the fountain tap to be served in the 
drinks to the customers as long as the condition existed. In a food prepara- 
tion room, located in the basement directly below the fountain, most of the 
mixtures were prepared for the foods served with the luncheons. The water 
for these mixtures was drawn from the same supply line that contained the 
tainted water. The condition was discovered before the fountain was placed 
in operation and remedied in a satisfactory manner. The supply line was 
carried well above the point of overflow and fitted with a double vertical 
check valve to prevent any chance of backflow from one part of the system: 
into another. 

Figure 3 represents an installation in a dental laboratory where several 
dentists and nurses were employed. It would seem almost impossible to 
find a more clean, wholesome, and sanitary condition than that existing in 
this building; where every person wore an immaculately white ‘uniform and 
conditions appeared perfectly sanitary. The doctor in charge decided to do 
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some X-ray work which necessitated the installation of a sink of acid proof 
material for use in developing and cleaning plates, films, ete. This sink had 
a side tapping near the bottom for its water supply connection. A branch 
fitting was inserted in this line close to the sink into which was screwed a 
drain valve. An upper tapping through the side of the sink served as an 
overflow. Both overflow and drain valve were fitted with rubber tubes 
which extended down part way into a galvanized iron water pail. Both of 
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these tubes would become air-bound when the pail filled above the bottom 
of the tubes, thus stopping the liquid from flowing out and leaving the sink 
partly filled with the solution. When this condition existed the most 
natural thing to do was to open the supply valve. 

This operation, in case the water was closed off in the basement for 
any one of several reasons, would allow the solution to flow or be drawn into 
the supply pipe leading down to the main service line in the basement. 
Reference to the diagram will show that at least two dentists were working 
almost constantly at tables in close proximity to a sink that was supplied 
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from the main service line, and when the condition previously described 
existed, it can readily be seen that the solution drawn from the sink above 
would flow from these faucets. In fact a great quantity of this solution 
could find its way into the service line to be drawn at any or every faucet 
in the entire building. The possibility of some disastrous occurrence being 
observed before the installation was completed, changes were made by the 
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proper placing of the valves, and the introduction of syphon-breaking 
devices in such a manner as to entirely prevent any such happening. 

After observing Figures 1-3 and learning of the possible chances for 
water pollution or contamination through their incorrect connections, a 
person might feel that he was perfectly safe in his own home, and so long 
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as he did not frequent, occupy or visit any of the preceding types of building 
he would be perfectly safe from infection due to impure water. However, 
reference to Figure 4 will demonstrate that in some cases almost any type 
of fixture in any residence or almost any other kind of building may under 
conditions that are likely to occur in such buildings, develop results similar 
to those described in the previous diagrams. 

The only fixture shown in Figure 4 with faucet so arranged as to deliver 
water through a spout well above the top of the fixture is the pantry sink; 
but with every other fixture in the building so connected that waste water 
could, under certain circumstances find its way into the clean water piping 
system, it might be almost impossible to draw anything but polluted water 
through this faucet. 

In his capacity as “Inspector of Inside Water Piping Installations” 
the writer has the opportunity to visit all types of buildings, and hardly 
a day passes but what some decidedly serious installation is observed. 
Changes have frequently been made at his suggestion on old systems, and 
incorrect connections are prohibited on new systems. While no official 
steps have been taken to make it compulsory to remedy unhealthy and 
dangerous connections such as those described in this discussion, it is quite 
certain that should a general survey of plumbing systems in all buildings 
be required, the results would be such that legislation would be enacted by 
the Department of Health of the State or the boards of health of the various 
communities to improve and remedy at least the more dangerous of many 
existing installations. 

In fact the members and agents of the State Department of Health 
of Massachusetts are so deeply interested in this subject at the present time 
that at their instigation a committee composed of sanitarians, master 
plumbers, lecturers, health and water inspectors and instructors is now 
working in conjunction with a representative of the Sanitary Engineering 
Department of the Massachusetts Institute of Technology to devise and 
arrange an exhibit so designed as to demonstrate the disastrous results of 
incorrect installations on plumbing systems known today as ‘“‘cross- 
connections.”’ This apparatus is to be portable and is being developed as 
part of a statewide series of educational lectures that are planned for the 
enlightenment of the general public to the possibilities of infection and 
epidemic from such improper installations. 

Another dangerous condition which may exist in every building where 
there is a domestic hot water supply system is the possibility of the storage 
tank or heater bursting from excess pressure ; exploding from excess tempera- 
ture; or collapsing from lack of internal pressure sufficient to withstand the 
atmospheric pressure exerted on its outward surfaces if through accident 
or otherwise the water is drawn or siphoned from the inside. 

Any of these causes may result in ruining or rendering temporarily 
useless the water meter of the main service line by a back flow of hot water 
from an overheated storage tank or heater. This latter appears probably 
most significant in the minds of water department officials for the reason 
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that damages from such conditions incur a considerable amount of expense 
for removing, repairing, testing and replacing the meters. This expense is 
usually charged to the consumer and in almost every case brings an appeal 
from payment on the grounds that the water department should guarantee 
and take care of the meters. 

In one residence within the last few months the meter was rendered 
useless on two occasions in about three weeks’ time, incurring an expense 
of about $8.00 to $10.00 on each occasion. This naturally caused a consider- 
able amount of argument and protest by the consumer. The copper coil 
in the gas heater was burst the second time, although a safety valve which 
did not function had been installed in the cold water piping above the top 
of the boiler. The cause on each of these occasions was that a gas heater 
used for heating the water in the tank was lighted and forgotten, with the 
result that water in the tank became overheated to the extent that the hot 
water was forced back through the supply pipe, and through the meter, 
certain parts of which are constructed of substances that become swollen 
and useless when brought into contact with water heated to a high 
temperature. 

If a properly constructed, tested and approved device known as a 
relief valve had been installed as part of the equipment on the tank in 
question, it is very likely this trouble, inconvenience, and expense might 
have been avoided. 

The subject of relief valves has probably received more attention 
within the last year or two than ever before for the reason that more rapid 
heating devices are being used today than ever before, with the result that 
there has been a noticeable increase in the number of meters damaged in 
this manner. With some of the more efficient heaters today the entire 
contents of a thirty gallon tank may be heated to a high temperature in 
perhaps one hour’s time. 

An investigation of many damaged meters and boiler explosions tends 
to show that one of these rapid heaters was responsible for both these results 
at the same time, and in some localities it is now compulsory by law to 
test all relief equipment on every hot water storage tank, so designed and 
arranged as to prevent the tank from being damaged by either over pressure, 
excess temperature, or being collapsed by lack of internal pressure. The use 
of, and proper functioning of valves of this type would automatically pre- 
vent the damaging of meters by a back flow of hot water from the tank, as 
the relief valve would operate before the water in the tank reached the high 
temperature necessary to cause this trouble. 

There are many types of relief valve on the market at the present time, 
some of which are designed for excess pressure alone, excess temperature 
alone, or in combinations of both temperature and pressure, and also com- 
bining the three features, excess pressure, excess temperature, and a vacuum 
feature which opens when a vacuum is created in the supply line and which 
tends to stop the siphonage, created by the vacuum, thereby preventing the 
boiler from being emptied in this manner. While some of these will perform 
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in a satisfactory manner, there are others which do not operate to the 
satisfaction of the authorities in some localities, where stringent and correct 
functioning is required in order to conform to the specifications required in 
such communities. 

A lack of positive knowledge, and information on the operation of these 
devices prompted the writer who has charge of the plumbing department 
at the New Bedford Vocational School to develop a testing and experimen- 
tal set-up in the plumbing laboratory at that institution so that a certain 
amount of definite information could be obtained. 
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Fig. 5.— EXperIMENTAL BoILeR FOR TESTING RELIEF VALVES. 


Accordingly, together with Mr. Ernest G. Parker, Inspector of Plumb- 
ing in the Board of Health and Mr. Herbert C. Reynolds, a leading master 
plumber and an authority on this subject, the writer conducted an intensive 
series of tests and experiments, in order to select valves that could be 
approved and recommended for use in New Bedford, Mass. 

The testing apparatus (Fig. 5) consisted of a forty-gallon copper 
pressure boiler, in which the regular number of four tappings had been 
increased to twenty. These were so arranged that a relief valve could be 
inserted in a top or side tapping and on the same level in another tapping a 
thermometer, thus giving a fairly correct reading of the temperature at 
which each valve operated. 

After obtaining such information as was possible the interested group 
gave a series of lectures and demonstrations of such valves as seemed to 
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operate satisfactorily before various groups of journeyman and master 
plumbers, superintendent and other employees of the Water Department, 
and other city officials, members and agents of the Board of Health, gas 
company Officials and employees. Most surprising of all, one entire evening 
and lecture were devoted to a group of ladies who expressed much interest 
in the knowledge they obtained pertaining to the hot water tanks which 
most persons are in the habit of seeing, while they know little about the 
possible dangerous condition that might result from a boiler installation 
that might be made in a careless or incorrect manner. 

Figure 5 will provide a general idea of the apparatus and a short outline 
of some of the tests is given herewith for the benefit of anyone who may be 
interested in this subject. 

(A) represents a “pressure relief valve” (only) which operates at 100 
pounds pressure, the maximum allowed in New Bedford. To obtain a test 
of this valve the gas heaters were lighted; the control valve (G) on the 
supply line was closed and the pressure gauge in the center of the boiler 
registered 45 pounds. In just three minutes the pressure reached 100 
pounds, and the valve operated. This tended to show the rapid expansion 
of the water when heat was applied and all chances of expansion or back 
flow were prevented by having closed the valve. From this test it could be 
seen that if an increase in pressure of 55'pounds was developed in three 
minutes it would require only a short while longer to reach the pressure at 
which the boiler was tested at the factory when new, which on ordinary 
tanks would be 200 pounds. 

We are told that when water in a copper tank is heated to a tempera- 
ture of something over 300° F. the efficiency of the material of which it is 
constructed is reduced about 20 per cent. and, if this is so, the bursting 
pressure would be reached very quickly. The result of this test plainly 
demonstrated that the use of pipes made of iron, steel or other ferrous 
metals is objectionable in many communities as they will fill up in a com- 
paratively few years with rust, scale, etc. and stop up the pipe as effectively 
as the valve did. 

(B) represents a relief valve of the fusible plug type, six inches below 
the top of boiler, with a combination of pressure, temperature, and vacuum 
features. When the water in the tank at this level reaches an approximate 
temperature of 212° F., a fusible plug (consisting of a mixture of tin and 
bismuth) is melted, providing an opening through which the overheated 
water can find its way out of the boiler. This at the same time allows an 
equal quantity of cold water to flow into the boiler, thus chilling it and pre- 
venting further trouble from overheating. The objection to this type of 
valve is that the water will continue to waste out through the opening in 
the relief valve and drip pipe until someone turns off the supply valve to 
tank. After this, a new fusible plug must be inserted to replace the one 
that was melted out. 

(C) represents what might be termed a slow acting thermostatic relief 
valve. It is automatic in operation, opening when the temperature reaches 
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a certain point, about 212° F. After discharging a quantity of hot water and 
allowing a sufficient quantity of cold water to flow into the boiler to chill it. 
its thermostatic member will contract and close the valve for another 
operation. It developed that this valve operated so slowly there was a con- 
siderable amount of water and gas utilized between its opening and closing 
operations, which tended to make it rather wasteful and expensive. 

(D) is what might be termed a quick-acting thermostatic type of valve. 
By this is meant that when the temperature of the water has been increased 
to the extent that the valve operates, it discharges a quantity of sufficient 
volume to allow it to close quickly. Thus it decreases the length of time 
for the gas to burn and allows a smaller quantity of water to be discharged 
between operations, really making it a desirable and satisfactory valve. 

(E and F) are valves of similar construction and were intended for use 
on the cold water supply pipe to a boiler. One of these, however, was placed 
on the hot water flow pipe and the other on the cold water supply pipe at 
about equal distances from the boiler. Neither of these valves operated 
until temperatures much too high were reached (between 240 and 250° F.). 
The valve (E) operated first and was allowed to discharge its full maximum 
through the opened port. At the same time the temperature in the boiler 
continued to increase, to nearly 245° F. After both valves had operated, it 
was observed that water at 70° F. continued to flow from valve (E) while 
the temperature of the water flowing from valve (F) was 240°. This showed 
that the cold water simply flowed out through the opened relief valve and 
did not enter the boiler to cool its contents as was intended. During the 
tests the drip pipes from the various relief valves were all fitted with control 
valves, so that they could be closed after each relief valve had operated, to 
allow the temperature to be increased at the location of the next valve about 
six inches lower down on the boiler. 

(11) represents a thermometer placed near the meter and about 15 ft. 
from the top of the boiler, to check on the temperature of the water in the 
pipe near the meter when the high temperatures were in the boiler. It 
developed that when water in the boiler was heated to a temperature of 
about 212° F. (sometimes much higher) the thermometer near the meter 
registered about 80° F. which was a safe temperature inasmuch as the meter 
parts are not damaged until the temperature reaches 90° F. or more. 

(10) is a thermometer placed about eight feet away from boiler on the 
hot water flow line. It was said that hot water would circulate through a 
pipe this distance and develop a temperature equal to that in the boiler. 
This did not prove to be the case, however, for the temperature hardly 
changed, and when the water in the boiler was 240° F. this thermometer 
did not reach 80° F., thus disproving the circulation theory. 

While a great amount of useful data was derived from the tests, the 
experiments described were the most essential and interesting. Several 
valves of different types were tested that failed to meet the requirements, 
and only those that did successfully pass the various tests were approved 
and are allowed to be used in New Bedford at the present time. 
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POOL AND DILLON. 


TEN YEARS OF SANITARY IMPROVEMENTS 
IN RHODE ISLAND PUBLIC WATER SUPPLIES. 


BY CHARLES L. POOL* AND JAMES J. DILLON. f 
[Read September 19, 1935.] 


Ten years ago Stephen DeM. Gaget published a description of public 
water supplies of Rhode Island in this JourNau. The policy of sanitary 
improvement which he maintained up to 1930 has been continued since 
with the result that the major sanitary improvements that have taken place 
make his description obsolete and a revised tabulation necessary. But 
perhaps the rate of improvement is more important than the present status. 
The large proportion of supplies showing major sanitary improvements 
in the past ten years, disregarding supplies § for which such improvements 
have been uncalled for, is evident from the following summary: 


Waterworks that have constructed entirely new sources of supply to replace 
former inferior sources. 
Providence. East Greenwich. 
Waterworks that have made material additions to sources of supply. 
State College, Kingston. || Block Island. 


New water supply systems. 
North Tiverton. 
Ashaway. (Including chlorination) 
Cumberland Hill. (Including chlorination) 
Charlestown Beach. (Including chlorination) 
Major extensions of distribution systems. 
Warwick. (Providence Water Department) 
Greenwood.|| (East Greenwich Water Company) 
Bristol County Water Company. 
Supplies that have not been previously treated and have adopted chlori- 
nation. 
Warwick and Coventry. Harrisville New Village. 
Oakland Worsted Co. Esmond. 
Pawtuxet Valley. Quonochontaug. 
Major additions to treatment. 
Newport. Ammoniation. Activated carbon. Adjustment of 
pH. Passage of formerly untreated St. Mary’s supply ~ 
through Newport treatment works. 





*Sanitary Engineer and Chemist and jaattent Sanitary Engineer and Chemist, Rhode Island De- 
partment of Public Health, Providence, R. I 


WJournaL New EnGianp WaTER Worxs AssociaTIon, Vol. 40, No. 2, June 1926, P. 117. 


§The supplies not pertinent to the summary are 37 small untreated ground water supplies of essentially 
constant quality, ten of which have been installed within ten years. 
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144 RHODE ISLAND WATER SUPPLIES. 
PUBLIC WATER 
Supply. Towns and Communities Served. Tostale — Source. i 
lation. = 
I sn ce Be AS cae 1900 | Private | 2 Drilled wells = 
ae eee eee .| Alton. . 1917 | Private | Dug well * 
a ares Sonera al Andrews... .. 1920 | Private | Drilled well - 
Ashaway........ .| Ashaway....... _.... | 1928 | Private | Drilled well a 
Barrington Beach. ....... Barrington Beach... .. 1903 | Private | Drilled well - 
Block Island.............| Block Island..... 1888 | Private | 3 Driven wells and 
Sands Pond 02 
Bonnet Shores.........-- Bonnet Shores. . . . 1930 | Private| Drilled well. Dug 
well reserve ~ 
BME 5.8 cco 38 ee eee ere Pe 1913 | Private} 1 Dug, 10 driven 
wells - 
Bristol County........... Bristol, Warren, Barrington.... . 1887-88 | Private | Kickemuit & Palmer 
Rivers 315 
Bristol Ferry...........-. Dia Pay: i ies 1927 | Private | Drilled well - 
Charlestown Estates, Inc...} Quonochontaug East Beach.... | 1933 | Private | Dug well ~ 
Common Fence Point. ... . Common Fence Point.......... 1923 | Private | 2 Dug wells, 2 driven 
wells ~ 
Cumberland............. Cumberland Hill. ..... ieee ete 1930 | Town | Sneech Pond l 
East Greenwich.......... East Greenwich, Chepiwanoxet, 
Cowesett, Apponaug, Green- 
WOR SS ohne ep ts canine 1886 | Private | Dug well - 
East Providence.......... East Providence............... 1893 | Town | Ten Mile River 5 
eS ee oe in VRS eee he Reine See yt 1907 | Private | Dug well - 
Exeter — School. ........ UN eee ee ee .| 1908 | State | 11 Driven wells “a 
Foresbdaloe........ 0.40... Forestdale....................] 1910 | Private | Drilled well = 
Georgiaville.... . Geppgiavilig:.. 2 oc acc ces 1910 | Private| 1 Dug, 1 driven, 
r 1 drilled well 3 
ee eee Re ig MIR ae a 1920 | Private | Drilled well i 
Graniteville............. Graniteville............. 1912 | Private | Springs and 2 drilled 
wells e 
Geet... 5. os LSS eee en i re 1931 | Private | Drilled well = 
Greystone......... MIGMIID 3 os sda estes 1904 | Private | Dug well < 
Harris Heights........... Harris Heights...............- 1918 | Private | Dug well i 
Harrisville New Village. . .| Harrisville New Village........ 1918 | Private | Drilled well + 
JSMBIOWD . 50.6. oe s2 53s ee EERE ere 1889 | Private | 2 Ponds 1 
MONS suis ss =5.5 0% TS Peasants ater te 1902 | Private | Spring and drilled 
well ss 
Kingston State College Bate Calege.... . 20250. 1890 | State | Dug well & 2 drilled 
wells reserve - 
Mapleville............... MRS 23) c.g 0st has aes 1927 | Private} Drilled well 3 
Mapleville — Pelletier... .| Mapleville.......... ..... ..] 1921 | Private] Drilled well 
Mapleville — St. Peter....| Mapleville.................... 1922 | Private} Drilled well E 
a ee MORN sss 1906 | Private | 3 Drilled wells = 
Narragansett Heights. .... Narragansett Heights.......... 1926 | Private | Dug well . 
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CONSUMPTION, 
PopuLaTIon SERVED. Gattons PgR Day. 








Treatment. P Tastito- 
ceaee Summer. | tional or Summer. Winter. 
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1000} .... | 700 
i: 2 ae 130 
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RHODE ISLAND WATER SUPPLIES. 


PUBLIC WATER Sy 








Towns and Communities Served. 


Date of 
Instal- 
lation. 





Nasonville 
North Scituate 
North Tiverton 


Oakland, Worsted Co... . 
Oakland, Remington... . 


Pawtucket 


Pawtuxet Valley........ 


Providence 


Prudence Island 
Quonochontaug 


South Warren, Scott 


South Warren, Greene. . . 


Touisset Highlands 
Touisset Point 
Wakefield 





Newport, Middletown......... 


Pascoag, Harrisville, Bridgeton. . 


Pawtucket, Central Falls, Parts 
of Cumberland, Lincoln, East 
and North Providence 

Parts of West Warwick, Coventry, 
Cranston, Scituate and War- 


Providence, Cranston and parts 
of Warwick, Johnston and 
North Providence 

Prudence Island 

Quonochontaug Central Beach. . 


Stillwater 
Swift’s Point 


Touisset Highlands 

Touisset Point... 

Wakefield, Peacedale, Rocky 
Brook, Narragansett Pier 

State Sanatorium 

West Warwick, Coventry....... 


Westerly; Pawcatuck, Conn..... 


Woonsocket, North Smithfield, 
Manvilie; Blackstone, Mass., 
Bellingham, Mass. 





1884 





City 





Ponds 


Drilled well 

Dug well 

30 Driven wells 

2 Drilled wells 

2 Dug wells 

Brook, dug and col- 
lecting wells 


Abbott Run 


2 Impounding res- 
ervoirs 


Impounded _reser- 
voirs 

Springy area 

Dug well 

Drilled well 

Dug well 

Branch River 


Dug well 
Drilled well 
Spring 
Driven well 
2 Dug wells 
Drilled well 
Drilled well 


Rocky Brook 
Wallum Lake 
Carr’s Pond 


Spring 

Drilled well 
Drilled well 

133 Driven wells 


Impounded _reser- 
voirs 








Storage. S.R.— Stora 


reservoir; I.R. — Impounding reservoir; E.T. — Elevated tank; P.T. — Pressure 


tank; S.P. — Standpipe. 


85 





POOL AND DILLON. 


or RHODE ISLAND — 1935—Concluded. 








CoNsUMPTION, 
GaLions PER Day. Per cent. 
Treatment. Institu- f of Services 


Phi. A Summer. Sonal or Summer. Winter. Metered. 
z factory. 


PopuaTION SERVED. 











St.A.C.K.Ae. 
S.C1.F.Cl.pH. ere eee re a ee 


St.Cl. 


St.Cl. 


St.C.Ae.pH.S.F.Ae., 
Cl. when needed 


AAPA: 


Pat ors 


w 
are re 
ai! 


0.17 m.g. 


0.9 m.g. 
12 000 1 000 
2300 0 
5 000 0 


1.46 m.g. | 0.85 m.g. 





5500000 | 5S. P. of ares eae iy: 3.0 m.g. 100 
| 





























Treatment. A. — Ammoniation; Ae. — Aération; Cl. — Chlorination; C. — Coagulation; F. — Filtration; 
K. — Activated carbon; pH. — Correction of Reaction; 8. — Sedimentation; St. — Storage of Pro- 
tective Significance. 





RHODE ISLAND WATER SUPPLIES. 


East Providence. Storage*. Aération*. Ammoniation. Acti- 
vated carbon. Adjustment of pH. 

Wakefield. Coagulation. Filtration. Adjustment of pH. 

East Greenwich. Adjustment of pH. 

Miscellaneous. 

Providence. Major improvements to watershed and distri- 
bution system. 

Woonsocket. Correction of large majority of cross-connec- 
tion hazards. 

Our program of elimination of hazardous cross-connections with 
polluted fire or industrial supplies has not been confined to Woonsocket; 
some 100 connections have been eliminated or provided with approved 
double check valves in the past three years. 

Waterworks that have not had need of major sanitary improvement. 

Westerly. Excellent supply but adjustment of pH recom- 
mended. 

Wallum Lake. 

Georgiaville. 

Jamestown. 

Waterworks for which major sanitary improvements are desirable. 

Pawtucket. Filtration plant desirable. 

Pascoag and Harrisville. Inadequate. 

Slatersville. Storage needed to make cross-connection elimina- 
tion feasible. 

These three are not the only supplies for which improvements or 
additions are desirable. A few of the 19 supplies that have undergone major 
improvements still need others. 

A milestone was reached when the provision of wells late in 1935 for 
Block Island’s source of supply removed the last untreated surface water 
supply in the state from regular use. If enough ground water cannot be 
obtained, the pond now available for auxiliary summer supply will require 
chlorination. 

The improvements are reflected in improved bacteriological quality, 
the mean for all supplies now showing but 5 per cent. of samples to contain 
Bact. coli in 10-ce. portions over a considerable period of time, as compared 
with the time-honored standard of the U.S. Public Health Service to the 
effect that not over 10 per cent. of such portions should contain Bact. coli 
for any supply. It is planned to apply to the supplies the Chase scoring 
system the application of which A. D. Weston{ has described for ten 
Massachusetts supplies. 

The best available statistics and estimates are summarized in the 
preceding table from which it is calculated that a resident population total- 
ing 657 715 is served by public water supplies, or 94 per cent. of the present 
population of the state according to our estimate. 


— 





*P. W. A. Projects. 
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KINGSBURY. 


PUBLIC GROUND WATER SUPPLIES 
IN MASSACHUSETTS. 


BY FRANCIS H. KINGSBURY.* 
[Read September 19, 1936.) 


Water supplies are commonly classified as surface water supplies or 
ground water supplies. Surface water, as the name implies, runs off the 
ground to be collected in streams, ponds or reservoirs. Ground water, first 
surface water, passes through the soil in its path towards the lowest possible 
level and may reappear at the surface in the form of springs or may rest in 
underground reservoirs or streams until tapped by means of wells or other 
forms of collecting works. The water in underground storage is seldom 
stationary and generally moves slowly towards lower levels. 

The population of Massachusetts according to the 1930 census was 
4 249 614, of which 4 129 000 people or 97.2 per cent. were served by public 
water supplies. 

The Boston Metropolitan Water District and many of the larger cities 
outside of the district, comprising a total population of 3 170 000 inhabitants, 
are furnished wholly with surface water either with or without treatment. 
There are in Massachusetts, however, 129 municipalities supplied in whole 
or in part from ground water sources. The population of 958000 thus 
supplied fully justifies devoting time to a review of past experiences in 
developing ground water supplies in order better to cope with present 
problems. 

Ground Water Works in Massachusetts. Information as to the types of 
works used for collecting ground water since public supplies were first 
introduced is scattered through many volumes of official reports or is 
hidden in the files of engineers, some of whom have long since passed on. 
In order that a portion at least of this valuable information may be made 
readily available for the benefit of water works officials and engineers, a 
tabulation of such facts as could be collected without recourse to the over- 
worked questionnaire is herein presented. The mass of data collected is 
sufficient to permit the perception of certain trends in the art of developing 
ground water sources and to show why some forms of installations failed 
while others succeeded. The accompanying table is presented for con- 
venience in tracing the works in use by each municipality in Massachusetts 
which has been supplied with water from ground water sources. ; 

One of the first questions that will probably be asked is where these 
supplies are located with reference to the geographical boundaries of the 





*Massachusetts Department of Health, Boston, Mass. 





MASSACHUSETTS GROUND WATER SUPPLIES. 


Types OF GROUND WatTER Sp 








MUNICIPALITY AND OWNER 
or Source or Suppiy 


Prior to 1870. 


1871-1880. 


1881-1890. 


1891-1900, 





Act 


ADAMS 
Adams Fire District. 


AGAWAM 
1877 C. L. Goodhue. 
1905 Town. 


AMESBUR 
1885 Powow Hill Water Co. 
1906 Town. 


AMHERST 
1887 Spring Water Co. 
1880 Amherst Water Co. 


ARLINGTON 


1872 Town. 
1899 Metropolitan. 


ASHFIELD 
Water Company. 


ASHLAND 
1911 Town. 


ATTLEBORO 


1873 Attleboro Water Supply District. 


1892 Town. 


AUBURN 
Auburn Water Co. 


AYER 
Town. 


BARNSTABLE (Hyannis) 
Barnstable Water Co. 


‘ON 
West and South Water Supply District. 


Springs many 
years prior to 
1875. 











1874 
Reservoir 
(surface). 


1877 
Spring. 


1880 
Surface 
supply. 


1872 
Surface reser- 
voir (com- 
plaints). 
1876-1877 
Filter gallery. 


water 


1873 
Dug well; 13’ 
dia. 3 tubular 
wells in bot- 
tom. 


Well (Renfrew). 


1885 
Tubular wells; 36 aban- 
doned. 
Open basin 80’x40’x14’. 


Tubular wells in bottom; 
14-20’ deep. 


1887 
Springs or wells; 7 to res- 
ervoir, 70’x40’x6’. 


1883 
Addition to filter gallery. 
Total length 858’. 


Filter FP 5 tubular 
wells in bottom. 


1890 
Dug well; 20’ dia.x22’. 


1887 
Dug well; 25’dia.x18’. 





Open Basin, ah x 


Dug _ well, ay 
with 167x200 wi 
bottom. 


1897 
Tubular wells; 3-4’ 
abandoned. 


1895 
High service supply. 
Tubular wells; 
25-214'"x35" Av. 
1899 


Low service Metropii 


1892 
Old supply abandon. 
New dug well; 30 dial 
Tubular well in bot 
114'x25'. 











snp DaTES OF INSTALLATION, 


KINGSBURY. 








1911-1920. 


1921-1930. 


Since 1930. 





1901-1910. 


—_—— 


1902 
Tubular wells; 
6-6'x106’. 


1905 : 
urface supply from West 
Springfield. 


prilled wells a 20r, 
1-8'3225’. 


see 
iar we 
0-2) 2 an 2/’x25’-40’. 





1912 
Tubular wells; 
20-214’’x18’-41’. 


1912 and 1915 
Surface supply from 
Springfield. 
1911 
Tubular wells; 
30-214'’x30’-60’ 


1914 
15-214'x30/--60" 


1911 

Tubular wells; 
12-214/’x25’-32’. 

9 


191 
7-214/’x28'-35’. 


1920 
Tubular wells; 
9-214'x19’-43’. 


1912 


ug wells; 
24-24” dia.x25’-35’. 





1923 
Tubular wells; 
12-214/x30’-60’. 


1927 
47-214/'x25'-55’. 
Tron removal plant. 


1929 
Tubular wells; 
88-214'’x18'-30'. 


Dug 


1925 

Tubular wells; 
26-214'’x30’ Av. 

1926 


Tubular wells; 
35-214x25’-35’, 
33-214'’x18’-37’. 


wells; 
16 10" eo x12’-30’. 
Tubular a. OM 6x19’, 





Gravel 
1-18” 


paced well, 
dia, A 


1-36” die: “a 





In U Use, 1935. 


Tubular wells; 
20-214’x18’-41’. 


Reservoirs (surface). 
Tubular wells; 
6-6’’x 106’. 


Surface water supply. 


Tubular wells; 
103-214/’x25’-60’. 
Tron removal plant. 


Surface water supply. 


Surface water supply. 


Surface water supply. 


Tubular wells; 
11-214’x25’-35’. 


Dug wells; 1-30’ dia.x25’, 
1-40’ dia.x25’, with 
charging filter and res- 
ervoir. 

Tubular wells; 
88-214'’x18’-30’. 


Tubular wells; 
9-214"x19’-43’. 
Dug wells; 
4-6’-10’ dia.x12’-19’. 
Tubular well; 24x19’. 


Dug well; 20’ dia.x22’. 
Drilled wells; 
2-8”’x201’ and 225’. 


Dug well; 25’ dia.x18’. 
Tubular wells; 
25-214'"x25’-40’. 


Tubular wells; 
54-214"’x18’-37' , 
35-219'"x25’-35’. 

Dug wells; 
24-24’’x25’-35’. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types oF GrRounD WATER 8p 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 


1891-1900, 





BARNSTABLE (West Barnstable) 
Barnstable Water District. 


Beprorp 
Town. 


BELCHERTOWN é 
Belchertown Water District. 


BELMONT 
1887 Watertown Water Co. 
1898 Metropolitan. 


Bi.Erica 
Town. 


Bourne 
Monument Beach Water Co. 


Sagamore 
Keith Car Works. 


Sagamore Beach 
Sagamore Heights 
Pocasset Beach 
North Shore 


BrapForp (now a part of Haverhill) 
1886 Bradford Water Co. 
1895 Town. 
1897 tae to Haverhill. 


BRAINTREE 


1887 Braintree Water Supply Co. 


1891 Town. 


BRIDGEWATER 
1888 Bridgewater Water Co. 
1925 Town. 


BROocKTON 
City. 


BROOKFIELD 
‘own. 








1880 

Drains. 

11% acres of 4” 
drains 8’ apart 
under reser- 
voir (never 
us 





1887 


See Watertown Water Co. 


1890 
Dug eae 3- 12’x12’x20’, 
4~12’x24’x20’, 
1- pn" 


1887 
Filter gallery; 
112’x15’x134’. 


Dug wells; - ote! dia.x18’, 
1-18’ dia.x18’. 
1889 
Dug well; 10’ dia. x 27’ 
with 6x8614’ tubular 
well in bottom. 
Drilled well; 6’’x202’. 


1889 
Reservoir (surface). 





1898 
Metropolitan, 


1899 
Tubular wells; 
35-214"x15'-41', 


1891 
Dug wells; 1-12'x2i 
1-24’x24’x18’, 
1-23’x23'x22’. 
1892 
Dug wells; 2-sniy 
abandoned. 


1896 
Haverhill surface sup. 


1893 
Connection to pond. 
1897 


baw iy , 


1892 
Drilled wells; 
5-6/’x 100/-160, 


1895 
Drilled wells; 
9-6/’x95’-165’. 








KINGSBURY. 








Dug well; 04 di x21’. 
Charging fil 


Tubular wells. 


Old supply. Abandoned 
from domestic use. 


1906 
Drilled well; 8’x237’. 
Abandoned. 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 








1916-1924 
Tubular wells; 
75-214’x28'-30’. 


1916 
Tubular wells. 


1912 
Surface water supply. 


1912 
Tubular wells; 
108-234’x30/-45’. 
(Abandoned later.) 


1920 
24-214"x35'-59’. 


1912-1915 
3 Dug wells with wood 
plank sides. 
3-10’-13’x12’- 
1314’x10-15’. 





1925 
ines wells; 
0-214”; 130-38 


20-214/':30"-35" 
s road 


Tubular wi 
9-214” mer 37, 


1927 
Tubular wells; 6-2’’x16’. 


1923 
Tubular wells; 3-2’x90’. 


1926 
Tubular wells; 
2-114'x12’, 


1925 
10-234'x35'-59’. 


1930 
Dug wells; reconstructed. 
1930 


Tubular wells; 
14-214x13’-15’. 





1934 
Supplied from Yarmouth. 


1932 
Gravel packed wells; 
2-18” dia.x37’ and 38’. 


1934 
Wells redriven. 


Supplied from Yarmouth 
by tubular wells. 


Dug well y =f ies 
filter; 20’ dia 

Tubular wells; 
30-2 V4/"x30'-35'. 


Toe wells; 
"x31/-37’. 


Surface water supply. 

Gravel packed wells and 
aerator with settling 
tank 


2 wells: 
18” dia.x37’ and 38’, 


Tubular wells; 6-2’x16’, 


Tubular wells; 
Six small systems. 


Spring; 40’x10’x12’. 
Tubular wells; 7-244”. 
Tubular well; 214’x90’. 
Tubular wells; 3-2’’x90’, 


Tubular ae 
2-114"x1 


Surface water supply. 
(Part of Haverhill.) 


Surface water supply. 


Tubular wells; 
31-214/’x28’-57’. 


Surface water supply. 


Dug wells;(gravel packed) 
3-48” dia.x12’. 

Tubular wells; 
14-214x13’-15’. 





Surface water supply also. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types or GROUND WATER 8p 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 





BRooKLINE 


Town. 
Joined Metropolitan in 1925. 


CAMBRIDGE 


1806 Cambridgeport ‘Aqueduct Co. 


1856 City. 


CHATHAM 
Chatham Water Co. 


CHELMSFORD 
North Chelmsford Fire District. 


Chelmsford Water District. 


CHESHIRE 
Cheshire Water Co. 


CHICOPEE 
Chicopee Mfg. Co. 
1892 City. 


Chicopee Water Co. 
1892 City. 


Conass 
Cohasset Water Co. 


OLRAIN 
Griswoldville Mfg. Co. 


CuMMINGTON 
Town. 


Danvz 
1796 Salem Aqueduct Co. 
1876 Town. 


DepHamM 
Dedham Water Co. 





12’x10’-12’, 
deep. 


1796-1839 


Springs. 





1875 
Filter gallery; 
1062’x4’ and 
6’x2’ and 6’, 


charging ditch. 


1879 
Gallery extended 
160’. 


1876 
Filter gallery. 


_ 1876 
Springs in reser- 
voir; 


200’x66’x10’. 


1876 
Surface water 
supply only. 





Gallery aes 220’; 
total length 1442’. 


1887 
Reservoirs (surface). 


Dug well; wo Min x20. 
Tubular wells, 10 used to 
unwater excavation. 


Surface water 
ater. 


Tubular a 4 
63-2/’x25 25-40" 


7-244" "20 oe 


1881 
Dug wells; 1-26’ dia.x18’, 
1-8’ dia.x18’. 





Tubular wells; 
44-214" "516-67 
(gravity flow at fr! 
1898-188 
134-2)4''x35'-09', 


13-214”. 


1898 
Tubular wells; 
19-244x20-4/, 


1894 
Dug well; 40 diss 
gravity flow. 


1898 
Taken over by city. 
1893 


Surface water supply. 


Spring; 4’x12'x3’. 
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» Dates oF INSTALLATION—Continued. 


1901-1910. 


————— 


10-214'"x23", i 307, 
1908 
10-214"x20'-35'. 


Dug well; 25 dia.x25’. 
fil 








1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 








1911 
Gey extended. 
4’x6’x450’. 
Charging basins. 
1918 


Iron and manganese re- 
moval plant. 


1913 
Tubular wells; 
15-214x28’-42’. 


1913 
Iron removal plant. 


1916 
Tubular wells; 3-6’’x25’. 
Dug well; 10’ dia.x7’, 
with 6” well in bottom. 


1913 
Caisson well;16” dia.x60’. 
191 
4x20’ in dug well. 
4-8''x35’. 


1925 
Metropolitan supply also. 


1927 
Dug well; 35’ dia.x25’. 


1929 
Filter gallery ;5’x10’x114’. 


Filter crib under pond: 
10’x10’x25’. 


1922 
Tubular wells; 
10-214’x21’-30’. 


Small dug well abandoned. 








- ed 
Tubular w 


Das! Av. 


14-214”, 133" 30" . 


1935 
Tubular wells; 
8-214'’x29/-33’. 





—_ gallery 
4’ and x2” a 6’x1442’, 
Charging filters. 
Tubular wells: 
244x16'-95’. 
Iron and manganese re- 
moval plant. 
Metropolitan supply. 


Surface water supply. 


Dug wells; 1-40’ dia.x20’, 
1-40 dia. x25’, 
1-35’ dia.x25’. 
Charging filters planned. 
Tubular wells; 
19-214'’x20'-40’. 


Tubular wells; 
38-214’x30'-36'. 


Tubular wells; 
30-214’x20'-35’. 


Tubular wells; 
15-244'x28’-42’. 


Surface water supply. 


Surface water supply. 


Tubular wells; 
6-214''x20'-38’. 

Dug well; 25’ dia.x25’. 

Charging ‘filters. 

Iron removal plant. 


Drilled well; 10/’x291’. 


Spring; 4’x12’x3’. 


Surface water supply. 


Tubular wells; 
33-4x30’-32’, 
4-8'x35’. 

Dug wells; 1-16” dia.x60’, 

1-26’ dia.x18’, with 4” 
wells in bottom 

Tubular wells; 
8-214’x29’-33’. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types oF GROUND Water $y 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 





Deerrieu 
Deerfield Fire District. 


Dove.as 
own. 


Dracut 
(Collinsville) 
1900 American Woolen Co. 


1934 Dracut Water Supply District. 


(Dracut Centre) 


906 Dracut Water Supply District. 


DunsTaBLE 
Town. 


Doxsur 
a Fire and Water District. 


East BRIDGEWATER 
888 Bridgewater Water Co. 
1908 Town. 


East BRooKFIELD 
1909 Part of Brookfield. 
1920 Town. 


Easton 
North Easton Village District. 
Unionville Fire and Water District. 
(Same supply.) 


Ep@arTowN 
Edgartown Water Co. 


FAaIRHAVEN 
Fairhaven Water Co. 


FALMOUTH 
1893 Falmouth Heights Water Co. 
1899 Falmouth Water Co. 
1902 Town. 





1870 
Reservoir and 
pond. 





Oxgyly Som f; ae . SIS 
Ground nd (see Bridge- 


1887 
Dug well; 27’ dia.x28’, 
Spring. — 
: Reservoir with under- 





Tubular vel 


water). 


drains 5’ under ground 
(never 


im 
Tubula: 
Dia Ay. 
99-1900 
46-2638 Ay. 


1 
31-214'x35" Av. (su 
only). 


1898. 
Dug well; 107 diax®. 
ie 


Tubular wel 
15-214""x Aw. ( 
used). 


Surface supply. 











KINGSBURY. 


xp Dates OF INSTALLATION—Continued. 








1901-1910. 


1910 
Tubular wells; 
§-214"x23'-34’. 


Tubular wells; 
10-214x20’-30’. 
1908 
1-8"x32’. 
1910 


Tubular wells; 
7-214"'x30'-40’. 


1908 
Surface supply from Brock- 
ton. 


1909 
Dug well; 2244’ dia.x15’. 
Tubular wells; 
12-214x19’-24’. 
Abandoned. 


ae 
Tubular wei 
1-2% bh 40’. 


1906 
Tubular test wells. 
Dug well; 15’ dia.x19’. 


1910 
1-214"x20’, 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 














sec? 1- iy dia.x12’, 
1-6’ dia.x8’. 
Dug A ‘25’ dia.x15’. 
1915 


Springs collected by 
drains. 


Tubular wells; 
4-214"'x30'-40’. 


1918 
Dug well; 12’ dia.x30’. 


191 
Tubular wells 
22-214" "526 37’. 





Tubular a 8-24 4x15’. 


i mo 
Tubular w 
Te e)-3A3 ? 
Dug well; 414’ dia. x50’. 
1929-1930 


Dug wells; 
14-48” dia.x24’. 


192: 
Tubular wells; 
6-2 16!"x25/-283 14’, 
6-214” later. 


1929-1930 
Tubular wells; 
4-214'x19’-23’, 


1926 
Tubular wells; 
22-214'’x29’--49’. 


1923 
Collecting drain 200’. 


1924 
ubular wells; 
10-4’’x30’-54’. 


Tubular wi _ 
17-2 146 !x35" Av. 





: 1935 
Spring by collecting 
drains. 


1933 and 1934 
Tubuar wells; 

12-214'"x22’ Av. 

Dug wel 


1932 
Dug wells; 1-60’’x24’, 
1-48'’x24’. 
1934 


Tubular wells; 
7-214""x23'-29 


; 2-4’ dia.x18’. 





Springs; 1- | dia.x12’, 
1-6’ dia 

Large well; 8 dia.x15’. 

Springs and collecting 
drains. 


Tubular wells; 
8-214x23’-34’. 


Tubular wells; 
20-214''x22’ Av. 
Dug well; 4’ dia.x18’. 


Dug wells; 1-414’ dia.x24’, 
16-42”, 48” and 60” 
dia.x24’. 


Tubular wells; 
7-214"'x23'-29'. 


Tubular wells; 
23-214'"x25’—-40’. 


Dug well; 12’ dia.x18’. 
Tubular wells; 
4-214'"x19’-23’. 


Tubular wells; 
44-214/’x26’-49’. 


Surface water supply. 


Dug well; 2214’ dia.x15’. 
Collecting drain 200’. 


Tubular wells; 
27-214''x35'-40’, 
10-4’’x30’-54’. 


Dug well; 27’ dia.x28’. 
Spring, 
eave (charging). 


Dug well; 15’ dia.x19’. 
Tubular wells; 
17-214"x35' Av. 


Tubular wells; 
22-214''x25’-35’, 
31-214"x30’ Av., 
1-214x20’ 
(auxiliary). 


Surface water supply. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types oF GrRounD WATER Sp 








Sememneare sue une Prior to 1870. | 1871-1880. 





Foxsorovucn 1891 
1891 Foxborough Water Supply Dis- eae gee eset Tubular wells; 
ict. 24-2’’x30/-56’, 


trict. 

1931 Town. 

cy Water C Fil lI ol 4’x200’ 

ater Co. nae pena ilter galleries; 4°x4’x: 

1905 Town. and 250’, partly under 
pond. 

Also surface supply from 

Boston Water Works. 


FRANKLIN 1884 
1884 Franklin Water Co. pie iss Dug well; 20’ dia.x25’. Pond also. 
‘own. 


1907 T 1 
Dug well; 30’ dia.x18’. 


Gui 1888 
Riverside Water Co. ee Bess Springs, 1—enclosed, 1— 

open. 

GRAFTON _ 1846 1886 1893 

1845 Grafton Aqueduct Co. Springs. rae Spring and collecting gal- | Springs (Saundersvilk) 

1886 Grafton Water Co. lery; 95’x12’x17’, 


1889 
Drilled well; 6x97’. 


GRANVILLE 
Granville Center Water Co. 


Great BARRINGTON 1867 
Great Barrington Water Co. Reservoir 
1892 Great Barrington Fire District. (surface). 


GREENFIELD 1870 
1870 Greenfield Fire District. Reservoirs 
Town. (surface). 


G 


ROTON 1897 
Groton Water Co. nee pina Petes Dug well; 30’ diaalé. 


West Groton Water Supply District. 


HANOVER 
Town. 


Harpwick 188 
G. H. Gilbert Co. (Gilbertville). ‘awe ah Dug well. 


Geo. W. Wheelwright Paper Co. 
(Wheelwright). 


Hardwick Village 




















KINGSBURY 


xp Dares OF INSTALLATION—Continued. 








1901-1910. 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 





1910 
Dug well; 25’ dia.x28’. 


Dug well; wv tha. x1114’. 


Springs or wells; 
1-10’x12’x8’, 
1-$-110-x814’, 


Dug well an ite crib; 
12'x14’x1 








1913 
Dug well; 15’x15’x10’, 


Dug well; 40’ ‘tia. x27’, 
ber @ filter 34 acre 
drains. 


1912 
Tubular wells; 
8-214/’x25’-28" 


Drilled vals 1 -6’x129, 
1-6"x 


1913 
Dug well; 24’x12’x10’. 





1922 
Tubular wells; 
23-214'’x28’-50’. 
1929-1930 
10-214'x30’ Av. 


1924-19265 

Small dug wells; 

11-24’"x about 20’, 
1-36’x about 20’. 


1929 
6-30’x about 20’. 


1930 
Gravel packed well; 
16x38’. 


1930 
Tubular wells; 
24-214''x38'—48’, 


Drilled wel 
oe and 233’, 
Springs or wells; 
1-21 dia.x15’, 
2-39 dia.x1434’, 
1-10’x20’x914’, 
1-8'x15’x9’, 


1924 
Tubular wells; 214”. 





1934 
Tubular wells; 
19-254""525/-38", 


Iron removal plant. 


Infiltrati be | 
nfiltration . 
ra ae ~ 














Tubular wells; 
33-214'’x28’-50’ 


Filter galleries; 
4’x4’x200 and 250’, 
Surface water supply also 
Metropolitan. 


Large dug well; 

20’ dia.x25’. 

Tubular wells; 
8-214"x20’. 

Small dug wells; 
11-24’’x about 20’, 
1-36’’x about 20’, 
6-30’’x about 20’. 


Tubular wells; 
19-214x25’-38’. 

Iron and CO2 removal 
plant. 


Springs; 1—enclosed, 
1—open. 


Dug wells; 1-95’x12’x17’, 
1-25’ dia.x28’. 

Gravel packed well; 
16x38’. 


Dug well; 32’ dia.x1134’. 
Springs or wells; 
1-10’x12’x8’, 
1-8’x10’x814’ 
(gravity flow). 


Infiltration gallery; 
4’x6’x225’ 


Surface water supply. 


Surface water supply. 
Dug well; 40’ dia.x27’. 
Charging filter and drains. 


Dug well; 30’ dia.x16’. 


Tubular wells; 
8-214'’x25’-28’. 


Tubular wells; 
24-214'"x38’-48’. 


Drilled wells; 2-6” and 
2-10'’x129’-233’. 

Dug wells or springs; 
1-21’ dia.x15’, 
2-39’ dia. x1414/ s 
1-10'x20’x914’, 
1-8’x15’x9’. 


Tubular wells; 
4-214'x29'-35'. 


Dug well; 24’x12’x10’. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types or GrounD Water §p 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 


1891-1900, 





HincHaM 
Hingham Water Co. 


Ho.uisto: 
Holliston Water Co. 


Hopkinton 
own. 


Huntineton 
Huntington Fire District. 


Hype Park (now part of Boston) 
Hyde Park Water Co. 


Kineston 
Kingston Aqueduct Co. 
1886 Town. 


LANCASTER 
1797 Lancaster Aqueduct Co. 
1871 Union Aqueduct Co. 
1885 Town. 


LAWRENCE 
ity. 


LEICESTER 
Leicester Water Supply District. 


Cherry Valley and Rochdale Water Dis- 
trict. 


LgxINGTON 
1884 Lexington Water Co. 
1895 Town. — 
1903 Metropolitan. 





Spring at pri- 
vate factory. 
(100 families.) 


Springs. 


Springs. 





1880 
Pond. 


1875 
Filter gallery; 
300’x8’x8’ and 

river wear 





884 


Drilled 


1 
wells 
3-4""x85/-9214' (top of 
hill) 


1 
1-8”x119’, 


1889 
Reservoir (surface). 


1885 


Tubular wells; 


64 


Dug 


—-2’’x34/-38’. 


1886 
well; 20’ dia.x18’, 
1888 


Filter gallery; 
360’x20’’x14”’”. 


1885 


Surface water supply. 


1881 


Springs. 
Dug wells; 1-20’ dia.x19’, 


1-20' d 


ia.x18’. 


200’ of collecting drain. 





Dug well. 
Tubu 
33-2 ie ae (Re 
wells abandoned), 
1894 
6-6'’x40’ Av. 
1900 
21-214’x30 Av. 
1891 
Filter gallery; 
aaa x18”, 


Tubulai beet 
24-2 16 !"_23—~ '—44', 


1893 
River water filtered. 


1891 
Dug wells; 
7-6'-7' dia.x8’-12, 
1-30’ dia.x12’. 
(Gravity flow.) 


1801 
Dug wells; 1-12’ dissll RS Metropo 
1-10’ dia.x11’. 
Drilled well; 8x1. 


Fil Esc sid 
ilter gallery; 
with tubular well 
bottom. 
1894 
Additional grousd will 


Reservoir (surface). 








KINGSBURY. 


np DATES OF INSTALLATION—Continued. 








1901-1910. 


Z 1903 
Dug well; 40’ dia. x20’. 
Collecting Sa with 
joints 
0! x8"-1 18”. 
Charging basins. 


basin; 100’x125’x4’, 
~ constructed from old 


> 


eg 
Tubular well 
rerherd 37", 


1911-1920. 


1921-1930. 


Since 1930. 








Surface water supply. 


1911 
Dug wells; 2-30’ dia.x12’. 
Filter; 50’x8’x8’, for sur- 
face water. 


1912 
Tubular wells; 
9-216"x17'-27'. 





1929-1930 
Tubular wells; 
25-214'’x27’-41’. 


1922 
Tubular wells; 
7-214/'x20'- 


1924 
Drilled well; 8’’x146’. 








In Use, 1935. 


Surface water supply. 

Dug well; 40’ dia.x20’, 
with collecting drains; 
1440’x8”’-15” and 
charging basins. 


Dug well; 26’ dia.x30’. 
Filter basin; 100’x125’x4’. 


Tubular wells; 
25-214""x27’-41’. 


Surface water supply. 
Tubular wells; 
9-214""x19’-37’. 


Part of Boston Metro- 
politan supply. 


Tubular wells; 
31-214/’x20/-44’. 

Dug well used as pump 
well. 


Surface water supply. 
Study being made for 
tubular well supply. 


Surface water supply. 
Filtered. 


Dug wells (gravity); 
7-6'-7' dia.x8’-12’. 
Drilled well (pumped); 

8’’x146’. 
Dug well; 30’ dia.x12’. 


Dug wells; 2-30’ dia.x12’. 
Surface water filtered; 
’x8’x8’, 


Surface water supply. 


Tubular wells; 
9-214"x17'-27’. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types oF GRouND WATER Sp 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 





LoweLL 
City. 


MALDEN 
1870 City. | 
1898 Metropolitan. 


MANCHESTER 
Town. 


MANsFIELD 
1888 Mansfield Water Supply Dis- 
trict. 
192¢ Town. 


MARBLEHEAD 
1888 Marblehead Water Co., also sup- 
plied Swampscott and Nahant. 
1889 Town supply. 


MARSHFIELD 
W. V. Everson. 


1890 Brant Rock Water Co. 


1900 Humarock Beach Water Co. 


1928 Town. 


MATTAPOISEIT 
‘own. 





1870 
Pond supply. 





1872 
Filter ny 


1871 
Reservoir 
(surface). 


1880 
Tubular wells. 





1893 
44-6'’x47'-67’, 


1894 
5-6” and 21-4”, 
2 push — 


120-2""x45"-80, 
169-214""x27'-40, 


1900 
52-214”. 


1884 
Tubular wellsabandoned. 
Additional surface supply. 


1889 1892-1894 
Tubular wells; 48-Av. 60’. 


51-214’x35’-90’ 1894 
Av. 65’. 26-216’ Av. 41’, 
189) 
Metropolitan. 
1898 
Dug well; 32’ diax0’s 
Zo 21424" tub ul 
n bottom, 
1893 
6-4/x22’ in bottom. 
1896 
5-4/’x27'-54’. 


1888 
Dug well; 25’ dia.x20’. 


1891 
Dug well; 30’ diasit. 
Tubular wells; 5-254. 
1893 


Dug well; 9’ dias’. 

Tubular wells; 
39-214” and 3x 

Salt water bog 


Dug well to rake i 
well; 25’ dia.x33}, 


1885 
(See Swampscott.) 

1889 
Tubular wells, 


1888 
Tubular well; 11427’. 
1890 
Dug well; 10’ dia.x17’. 


bay yan oe 
4 or 5-214’x2. 
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1901-1910. 


1901 


1901 
Tubular wells; 


20-3’’x about 41’, 
1909 


Pond. 


1909 


Iron removal plant. 


1908 
Tubular wells; 
16-2) ica a” 


8-214"x20/- a. 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 








912 
128-214”, ye from 
year to year. 
1916 
Iron removal plant. 


1 
Total of 550-214” wells. 


1912 
Dug well; 25’ dia.x31’. 
Collecting ditches. 
Tubular wells; 
16-214'x34/-73’. 


1916 

Tubular wells; 
13-214'’x31’-39’, 

5-214 x28. 


1911 

Dug well; 27’ dia.x19’. 
1920 

Dug well; 18’ dia.x16’. 


1920 
Tubular wells; 
2 or 3-214’x22’. 


1913 
Tubular wells; 
15-214/’x24’-28’. 





Wells driven and re- 
driven. 


1929 
Tubular wells; 
3-214” x31/-34’. 


1987 
Dug well; 22’ dia.x19’. 


1927 
Tubular wells; 
48-214'’x20’-36’. 
1930 
12-214’’x20/-36’. 


1923 
Tubular wells; 
9-214''x24’-28’. 


1924 
24-214'x28’-35’. 





Gravel = ..1 wells in 
progress of ppnton: 
35-6” dia.x3. 

1-36” eet 


1934 
11-214x25’-30’. 


Dug well; 2’ dia.x8’. 





Tubular wells; 
620-214'x25’-50’. 
Iron removal plant. 


Surface water supply. 


Surface water supply. 


Dug well; 32’ dia.x29’, 
with tubular wells in 
bottom; 5-214’’x24’, 
6-4”, x22’, 

Tubular wells; 
5-4/'x27’-54’, 

20-3’’x about 41’. 
Also surface water supply. 


Dug well; 25’ dia.x20’. 


Dug well; 25’ dia.x3314’. 

Tubular wells; 
16-214'x34’-73’. 

Iron removal plant. 


Tubular wells; 
33-214'’x20'-30’, 
18-214"’x31’-39’. 


Taken over by town. 


Taken over by town. 


Dug well; 22’ dia.x19’. 
Tubular wells; 

7-' 2% iy: : 

60-2! 6x20 ~36’. 


Tubular wells; 
24-249'’x24’-28’. 
24-219"x28'-35'. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types oF GROUND WATER Sr 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 





MayNarp 
Town. 


MEDFIELD 
1889 Medfield Water Co. 
1921 


‘own. 
1933 Medfield State Hospital. 


City. 
Metropolitan. 


City. 
Metropolitan. 


MERRIMAC 
Town. 


METHUEN § 
1875 Supplied by Lawrence. 
1894 Town. 


MIDDLEBOROUGH 
1 


Middleborough Fire District. 


1919 Town. 


Mirorp and HopEpaLe 
1855 Milford Aqueduct Co. 
1881 Milford Water Co. 


MILiet 
Millbury Water Co. 


MIs 
1891 Millis Water Co. 
1894 Town. 


MILTON 
1890 Hyde Park Water Co. 
1902 Town. 
1903 Metropolitan. 
Monson 
Town. 





1855 
Springs. 





Springs at pri- 
vate factory. 





1889 
Pipe line from pond laid 
with open joints to col- 
lect ground water also. 


1889 
Dug well; 8’ dia.x6’. 


1885 
Dug well; 26’ dia.x22’. 


1881 
Dug wells; - 19’ dia.x26’, 
1-144’ ‘di ia.x25’, 
1-22’ dia.x28’. 


1890 
Hyde Park Water Co., 
tubular wells. 





1893 
Tubular wells; 
14-214'’x30-52", 


1898 
Metropolitan. 


1893 
Tubular wells, pin 
company; 
15-214"x35'-45, 
1898 


Metropolitan. 


1894 
Tubular wells; 
27-214'x25'-37', 
18-214/"x25'-324. 


1897 
22-214'x25'-55'. 

1900 
33-214/x25'-58'. 


1895 
Open filters for 1 
water. 


1895. 
Dug well; 20’ dias! 


1891 

Open excavations; 
1-10’x25'x5’, 
1-30’ ~ - 


Dug well; Po al 
Rectangular well 


1895 
Dug well; 73’ dias 
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snp DATES OF INSTALLATION—Continued. 








1901-1910. 


_—_———— 


1901 
Dug well; 10’ dia.x9’. 


1904 
Tubular wells; 
18-219'x35’ Av. 
1902 
Tubular wells; 
50-214'x25'-55’. 
1910 


1828-88 


1902 
Covered filter. 


Charging reservoirs. 


_ 1908 
Metropolitan. 


- 1904 
Surface water supply. 


1911-1920. 


1921-1930. 


Since 1930. 








Pipeline relaid with tight 
joints. 


1911 
Tubular wells; 
30-214” —" 
1916 
Dug wells; 5-24’’x28’. 
1917 
saan 
4-24/’x28’. 


1916 
Tubular wells; 
10-214/x23’--46’. 
1911-191 2 


Dug wells; 1- 3 84” 
1-4’ dia., 1-7 


1-7’ 2” dia. AV. 30/-40’. 


913 
Iron removal plant. 


1912 
Additional surface water 
supply. 








1921 
Tubular wells: 
34-214 =: 


Gravel Re . wells; 


3-16” dia.x83’, 76’, 
94’, 36” dia. 


1922 

Dug well; 20’ dia.x10’. 
1930 

Dug well; 25’ dia.x23’. 


1925 
Dug well; 110’x15’x12’. 





1933 


Medfield State Hospital. 


Tubular wells; 
64-214x29’-46’. 


1932 
Gravel packed well; 
16” dia.x83; 36” dia. 
193. 


Gravel packed wells; 


2-18’’dia.x40’,42” dia. 





_h Use, 1985. 


Surface water supply. 


Medfield State Hospital 
supplies town by con- 
tract. 

Tubular wells; 
64-214’x29’-46’. 


Surface water supply. 


Tubular wells; 
4-214""x Av. 28’. 
Dug wells; 14-24x28’. 


Surface water supply. 


Tubular wells: 
28-214'’x23’--46’. 


Gravel packed wells; 
3-16” dia.x83’, 36” dia. 
76’, 94’, 1-18” dia.x40’ 
42” dia. 

Tubular wells; 

34-2 14x20’-30’. 


Dug well; 26’ dia.x22’. 
Iron removal plant. 


Dug wells; 
1-141’ dia.x25’, 
1-22’ dia.x28’. 
Filtered surface water 
supply also. 


Dug well; 20’ dia.x20’. 
Charging reservoirs. 


Dug wells; 1-10’x25’x5’, 
1-24’ dia.x10’, 
1-20 dia.x10’, 
1-25’ dia.x23’. 


Surface water sapply. 


Dug wells; 1-73’ dia.x23’, 
1-110’x15’x12’. 
Surface water supply also. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types or GRoUND WATER Sy 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 


1891-1900, 





Montague (V' illage) 
E. L. Bartlett 


ott. 
Marblehead ' W. ater Co. 


NANTUCKET 
Wannacomet Water Co. 


Siasconset Supply owned by Town. 


NEWBURYPORT 
1881 Newburyport Water Co. 
1895 City. 


NEWTON 
1876 Town. 
1898 Metropolitan. 


Norta ADAMS 
1848 North Adams Water Co. 
1875 North Adams Fire District. 
1913 City. 


Norta ATTLEBOROUGH 
1884 North Attleborough Fire Dis- 
trict No. 1. 
1892 Town. 


NorTHBRIDGE 
Whitin Machine Works. 


Norton 
1910 Norton Water Co. 
1923 Town. 


Norwoop 
Town. 


1848 
Springs. 
1861 


Reservoirs 
(surface). 


1879 
Filter gallery; ; 
24’x15’x7’ 





Spring: = af dia.x4’. 





1876 
Filter basin, 


1575’x70’x80’; 


tubular wells 


ba 4 pels 
4-6”; 4-4”. 





Marblehead” Water Co., 
dug well. 


1890 
Dug well; 22’ dia.x24’. 


1881 
Springs and collecting 


basin. 
es salts 1- oe x13’, 
1-2714' dia. 
1-23’ dia. , 


Filter Pa » 9290) x4'x4! 
of which 732’ replaced 
old filter basin. 

Tubular wells in bottom. 

174-244"x21’-13. 


1884 
Drilled wells; 
2-8’’x550’-625’, termi- 
nating in a sandstone 
seam, 


90 
Reservoirs (surface). 
1884 
Dug well; 25’ dia.x29’, 


smaller wellin bottom; 
10’ dia.x10’. 


1889 
Reservoir fed by springs 
and collecting drains. 


1898 
Metropolitan. 


1897 
Tubular test wells, 
1899 
Tubular wells; 
6-214"x10'-30’, 
1900 
Dug well; 20’ dia.x3f, 


1893 
Dug well; 1-47’ diaslf, 
1898 
Spring and basin, 


1892 
Remainder of filter ba 
replaced by - gale. 
Filter gallery, double 
dia.x3268’, connectel't 


tubular wells; 
52-214'"x35' Av. 
1898 


Metropolitan. 


1801 
Drilled well; 6” dias’ 
1896 


Spring. 


1900 P 
Tubular wells, test 
6-214/x27'-34'. 











KINGSBURY. 


axp Dates OF INSTALLATION—Continued. 








891-1900. 1901-1910. 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 





—————___ 


1 “ 
fe bea wel in bottom, 
Tubular well 


1903 

Dug well; 31’ dia.x25’. 
1903 

Spring and collecting 
el 566’. 


Charging reservoir, 
7 acres. 


bars87-282 


1908 
Filter surface supply added. 


1909 

Extension of filter gallery; 

1420/x12” dia. 

Charging bowls for river 
water. 


1905 
Dug well in Plainville; 
28 dia.x30’, gravity to 
pumping station. 


1908-1910 
Reservoirs (surface). 
Filters. 


Test wells; 2h i <B5/-397. 





1911 
Springs; 30’ dia.x4’. 


1911 
Tubular wells; 
40-2/'x8’-10'. 


1913 
23-2/x25’. 
Dug well; 2-8’ dia.x22’. 


1912 
Tubular wells. 


1914 
Tubular wells; 5-244”. 


1911 
Dug well; temporary, 
10’ dia.x18’ » enlar 
to 28’ dia.x38’, 


1914 
Reservoir (surface). 


1917-1918 
Tubular w 


ells; 
10-2” ia 4’x18"-25'. 


Charging ditch. 
1912 
Tubular wells; 
20-214'’x30’-40’. 
re, 911 
Test w 
8-214) Sen -30y. 


24-2 14/"x24/-35". 
Charging ditch. 
Dug well; 12’ dia.x30’. 





Dug wells; 2-8’x22’. 


1984 
Dug well; 10’ dia.x28’. 
1987 
Dug well; 15’ dia. 


F. int 
Tubula: 
te oid 1914’. 


1927 
Dug well; 33’ dia.x41’, 
1928-1934 
Charging bowls for river 
water. 


1922 
Tubular wells; 
26-2/x13’ Av. 


1921 
Tubular wells; 
43-219""x24/—-45’. 





Tey ot wells; 


1931 
38-214’x25’-30’. 
9 
12-214’’x30’-38’. 


1934 
Filters for mixed ground 
and surface water. 


1931 
Treatment with soda ash. 


Deep wells not used since 
1932. 





Springs; 30” dia.x4’. 


Surface water supply. 


Tubular wells; 
121-2’’-25’- ‘28’. 
Dug wells; 4-8’ dia.x22’. 


Dug wells; 
3-8’, 10’ and 15’ dia. 


Dug well; 31’ dia.x25’. 


Dug wells; 1-22’ dia.x24’, 
-20’ dia.x30’. 
Charging reservoir, 7 acres, 
Spring and collecting 
drains, 1566’. 
Tubular wells; 
50-214""x Av. 35’. 


Surface water supply. Also 
dug wells, old —< wells, 
springs and collecting 
basins. All filtered. 


Filter ag 4x4’, 
 - wells; ej dia.x38’, 
1-33’ dia 4 
Charging snoo 
water supply. 
Treatment with soda ash. 


Surface 


Surface water supply. 


Dug wells; 1-25’ dia.x29’, 
with 10’ dia. x 10’ in 
bottom, 1-28’ dia.x30’. 

Gravity flow. 


Tubular wells; 
10-2” and 4/’x18’-25’. 
Charging ditch, 
26-2’’x13’ Av. 


Tubular wells; 
19-2) 6!’x30/-40’ 


Tubular wells; 
_ 131-214""x24’-45’, 
Surface water supply also. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types OF GROUND WATER Supp 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 


1891-1900, 





Oak Burrs 
Cottage City Water Co. 


ORANGE 


1873 New Home Sewing Machine Co. 


1874-1914 Fall Hill Water Co. 
1893 Town. 


Oxrorp 
Oxford Water Co. 


PALMER 
1886 Palmer Water Co. 
1921 Palmer Fire District No. 1. 


1908 Boston Duck Co. 
1932 Bondsville Water Co. 
George B. Cheney 


Palmer Mills-Otis Co. 


C. Healy 


J. J. Kelly 


PaxToNn 
Town. 


PEABODY 
Danvers & Salem Aqueduct Co. 
Town. 


PEPPERELL 
own. 


PLAINVILLE 


909 Town. 
1919 North Attleborough. 


PLyMovUTH 
1833 Plymouth Aqueduct Co. 
1855 Town. 


PROVINCETOWN 
Town. 


Quincy 
1884 City. 
1897 Metropolitan. 


READING 
‘own. 





1799 
Springs; later 
from pond. 





_ 1878 
Spring stored in 
open reservoir. 





1890 
Springs. 
Collecting drains; 
1-12” dia.x525’, 
2-6” dia.x130’. 
Charging reservoir; 0.3 
acres. 


1886 
Reservoirs (surface). 


1884 
Dug wells; 1-30’ dia.x22’, 
1-32’ dia.x27’. 
1888 
Reservoir (surface). 





1893 
Surface water supply, 


: 95 
Spring; 130’x75’x1f/, 


1893 
Tubular wells; 
6-5"x28’ Av. se 
doned in 1898. 
1898 
Open basin. 


1897 
Metropolitan. 


1891 

Filter gallery; 
250’x314'x4’ in 3 ma 
ow subject to flows 


1896 
Mechanical _ filter; ™ 
removal. 
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1901-1910. 


1909 | 
Charging reservoir; 0.1 


acre. 
Collecting drains; 6” and 
g”. 


1893 
ater supply, 


1 
30'x75'x10, 


1906 
Tubular wells; 
§-214"'x19'-30. 


1908 


Tubular wells; 
6-6x18'-48’. 


1909 
Tubular wells; 
4-214"x19’-27’, 


1909 
Tubular wells; 7-214”. 


1905 
Dep well, abandoned; 
i, 


1 
Tubular wells: 
2-214"x30/ Av. 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 








1914 
Tubular wells; 
7-219"'x26’-30’. 


4~6/’x22’-52’. 


1919 
Supplied from No. Attle- 
borough. 
Tubular wells abandoned. 


1913 
Salt water trouble. 
191 


4 

4-214/'"30' Av. 
1918 
9-214'’x30’ Av. 


1915-1917 
Drilled wells; 1-8’’x267’, 
4-8'x500’ 


Surface water supply. 





19265 
Tubular wells; 


10-214x26’-30’. 


1922 
Tubular wells; 
8-214'x30’ Av. 


1923 
Salt water trouble. 
192. 





1934 
Spring; 168’x39’x5’. 


1932 
Salt water trouble. 
Several wells redriven 
with new strainers and 
to a uniform depth. 


1930-1934 
Tubular wells; 
80-214x38’ Av. 





Springs. 

Collecting drains; 
2151’x4”’-12” dia. 

Charging reservoirs; 0.4 
acres. 


Spring; 130’x75’x10’. 
Surface water supply also. 


Tubular wells; 
25-214'"x19’-30’. 


Tubular wells; 
8-214"x30’ Av. 
Surface water supply also, 


Tubular wells; 
10-6’’x18’-52’. 


Large collecting well and 
30 springs. 

Tubular wells; 3-214x28’, 

20 springs. 

Tubular well; 6’’-250’. 

3 springs; 1-40’x15’ in 
plan x7’, 
1-20’x10’ in plan x14’, 
1-34’x10’ in plan x8’. 

Spring; 48” dia.x7’. 

Spring; 168’x39’x5’. 


Surface water supply. 


Tubular wells; 
34-214x19'-27’. 


Dug wells (see North 
Attleborough). 


Surface water supply. 


Tubular wells; 
50-214"’x21’-41’. 


Surface water supply. 


Tubular wells; 
76-214'x38’ Av. 

Iron removal plant recom- 
mended. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types OF GROUND WATER Surry 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


————=== 


1881-1890. 1891-1900, 





Revere Water Co. 
City. 
Metropolitan. 


Saez 
1799 Salem & Danvers Aqueduct Co. 
1866 City. 
1913 Salem * Beverly Water Supply 


SALISBURY 
Artesian Wate: 
1915 Selisbury Water Supply Co. 


ScirvaTe 
1893 Scituate Water Co. 
1932 Town. 


885 Sharon Water Co. 
own. 


SHEFFIELD 
Sheffield Water Co. 


SHELBURNE and BucKLAND 
Shelburne Falls Fire District. 


SHIRLEY 
Shirley Villag Water District. 





prings; later 
from ponds. 
1866 


City supply sur- 
ace water. 








Dug 3 dia.x20’, | Inti of et 
well; ® ntrusion it water, 
3-6” and 2-2”, tubular 1891 

wells in bottom. Tubular wells in Saugy 
Dug well; 40’ dia.x20’, 5-2/’x75', 

smaller pall ;'die 430? 9-214!"x34/-97', 

and 8-2” wells in bot- 1892 

11-214'x26'-47.4’, 


tom. 
Tubular wells, 3 groups. 1893 
9-214x30/-100’. 


1894 

20-214'x30'-100, 
1896 

15-214/"x30'-100, 
1896 


aed Meepainad » 
ply taken in part. 


1896 
Pond. 


1885 
Dug well; 16’ dia.x16’. 


1897 


Springs and 
1-16'x32'x7’, 
1-60/x80'x10 
surface water). 
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1901-1910. 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 





Drilled wells; 2-110’. 


ubular wells; 10-15’—40’. 


1908 
tallery; 50’x8’x10’. 





1911 
Reservoir (surface). 


1914 
Dug well; 35’ dia.x23’. 
1915 


Dug well; 40’ dia.x22’. 
Charging reservoir. 


1920 
Dug well; 41’ dia.x16’. 


1913 
Dug well; 25’ dia. x 25’, 
later used as a pump 


well. 
Filtered surface water 
supply. 


1911 
Tubular wells; 
4-216’x21'-30’, 


1912 
Reservoirs (surface). 


Dug wells; 4-18’ dia.x18’. 





1924 

Tubular wells; 
4-214''x22’-28'. 

0 


4-214”, 


1926 
Tubular wells; 


Tubular wells; 
16-6’’x35’-66’. 


1923 
Tubular wells; 
9-214/"x27’-51’. 


1926 
12-214’’x19’-50’. 

1930 
10-214’x19’-50’. 





1931 
Tubular wells; 
2-24/"x43"-54’. 
193. 


Gravel m. well; 
18” dia.x26’, 42” ‘dia. 


Gravel sted wells; 
1- 18” dia.x60" 
1-18” aot 
Deep tubular well; 
8” dia. a 


Gravel packed we! 
18” dia.x21’, 
3. 


1 
1-4’’x42’, 


ri ‘die 


1934 
Storage basin; 20’x40’x7’. 


2 new springs. 








Surface water supply. 


| Tubular wells; 


8-214/’x22’-28’. 
Surface water supply also. 


Tubular wells; 
2-214’x43’-54’. 

Gravel packed well; 
18” dia.x26’, 42” dia. 

Surface water supply. 


Surface water supply. 


Dug wells; 2 | dia.x22’, 
1-41’ dia. 
Charging Seat 


Dug well; 20’ dia.x22’. 
Tubular wells; 
30-214x35’—-45’, 
Gravel Fons wells; 
1-18" 
1-18” = 0% 
Ht A es fal 
1-18” dia.x21’, 
1-16” dia.x42’. 


Dug well; 16’ dia.x16’. 

Tubular wells; 
8-214'’x21'-30’, 
40-214’x19’-51’. 


Spring; 16’x32’x7 
2 springs to storage basin; 
x40’x7’. 


Surface water supply. 


Filter gallery; 50’x8’x10’. 
Dug wells; 4- 18’ dia.x18’. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types oF GROUND WATER Sy 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 


1891-1900, 





SHREWSBURY 
own. 


SomERSET 
Town. 


SouTHAMPTON . 
1900 Mt. Spring Water Co. 
1931 Town. 


Sours Hapu 
South Hadley Fire District No. 2. 


SPRINGFIELD 
1848 Springfield Aqueduct Co. 


SrocKBRIDGE 
Stockbridge Water Co. 


The Hill Water Co. 


StrouGHToN 
1886 ‘Medan Water Co. 
1892 Town. 


STURBRIDGE 
Various Associations. 
1933 Town. 


SuNDERLAND 
Sunderland Water Co. 


Sutton 
Sutton Water Co. 


Swampscotr 
1888 Marblehead Water Co. 
1898 Town. 
Metropolitan. 





1798, 1848 and 
1850 
Springs. 
1860 


Collecting drain; 
1950’x7” pipe. 


18651 
Springs. 
1862 
Reservoir 
(surface). 
1 885 
Springs 
1-20" 267 x3’, 
2-4'x5'x314". 
Storage reservoir 
16’x40’x7 





_ 1876 
Spring and well. 
(Sturbridge 

Aqueduct Co.) 





1884 
Drilled wells; 1-8’’x300’, 
1-8’’x600’. 


Dug well; oO dia.x30’, 
partly in ledge. 


1884 
Springs; 2-4’ dia.x4’. 


1888 
Dug well; 26’ dia.x20’, 
tubular wells in bot- 
tom; + ale 


Tubular Bg 
72-214" x40’. 





1-3 iad 
1-6’ dia.xl’, 
1-4’x5'x4’, 


1892 
Surface water supply. 


893 
Dug well; ry dia.x3%, 
Old well abandoned. 
Cut off wall in valley 
hold back k ground we 
Came Se 


Collecting drains to vl 
Surface supply. 








1892 


iter supply. 
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1901-1910. 


ee 








1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 








Tubular wae 
19-214’x21’-29’. 


Dug well; os. es x12’, 


Collecting drains; 
300’x8” pipe. 
1916 
Charging reservoir. 


Dug well ; 30’ dia.x12’. 


1914 
Dug well; 10’ dia.x22’. 
1918 


Drilled well; 
214” dia.x285’. 





1923 
Tubular wells. 

1924 
31-214"x20’-27’, 

1925 
16-214"x18’-2914’, 


22-214”’x about 25’. 


1927 
Tubular wells; 
45-214x28’-35’. 


Dug well; 9’ dia.x13’. 


1929 
Reservoir (surface). 





1933 
Gravel packed well; 
36” dia. rf 78” dia. 


934 
1-36” dia. 1307 78” dia., 
3-36” dia.x30’ and 24", 
78” dia. 


1933 
Soda ash treatment. 


1931 
Supplied by Holyoke. 


1932 
Surface water filtered. 


1933 
Tubular wells; 
15-214'x25’-36’. 





Gravel packed wells; 
2-36” dia.x30’, 78” dia., 
3-36” dia.x24’ and 30’, 

78” dia. 

15 tubular wells; 

214”x about 25’. 


Tubular wells; 
45-214/’x28’-35’. 


Surface water supply. 


Dug wells; 1-25’ dia.x12’, 
1-30’ dia.x12’, 
ee drain; 
’ pipe. 
Filtered surface 
supply. 


Surface water supply. 


Surface water supply. 


Springs; 1- me 
2-4’x5’x 

Storage Jinn 
16’x40’x7’. 


Surface water supply. 


Tubular wells; 
15-214''x25'-36’. 


Surface water supply. 


Dug well; 10’ dia.x22’. 
Drilled well; 
214” dia.x285’. 


Surface water supply. 
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Types oF GROUND Water Sp 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870, 


1871-1880. 


1881-1890. 


1891-1900, 








TAUNTON 
City. 


TisBuRY 


1887 Vineyard Haven Water Co. 


1905 Town. 


TowNsEND 
Town. 


Uxsrince 
1879 Uxbridge Water Co. 
‘own. 


WAKEFIELD 
Wakefield Water Co. 
Town. 


WALpoLe 
Town. 


WALTHAM 
City. 


WarEHAM 
Wareham Fire District. 


WARREN 
Warren Aqueduct Co. 


Warren Water District. 


1912 Thorndike Co. 
1932 West Warren Water Co. 








1876 
Filter gallery; 
863’x5’x4’, 
tubular wells 
in bottom; 
1-1/"x25', 
1-144"x37’. 
Filter bank 94.6’ 
err with 
of filter of 
crushed stone 
and gravel be- 
tween it and 
the river. 
Filter basin; 
400’x17’x18’. 


1879 
Springs on side 
ill, 650’ of 
collecting 
drains. 


1873 
Filter basin 4 
acre x8.4’ 
deep. 


Dug wells; 
2 long and 
narrow x14’, 
1-214" dia.x20’ 





1889 
Drilled well; 8/’x975’, 
70,000 g.p.d. never 
used, 


1887 


Spring. 
Collecting gallery; 
38’x7’x10’. 


1883 
Lake (surface). 


1886 
Dug well; 26’ dia.x23’. 





1894 
Surface water supply, 


1896 
Dug well; 30’ dias’, 
auxiliary. 


1896 

Tubular wells; 
6-214'’x28'-70', 
34-2/x28’-70', 


pring; . 
Tubular wells; 

12-214/x28'-89, 
gravity flow. 








KINGSBURY. 


axp Daves OF INSTALLATION—Continued. 








1901-1910. 1911-1920. 1921-1930. Since 1930. 


In Use, 1935. 





—_—_— 


1986 
Additional collecting 
drain. 


1934 
Tubular wells; 
35-214'x30/-70’, 
Av. 40’. 


1906 1924 
Tubular wells; aes Tubular wells; 
I 2h4"420-35', 17-244/’x28/-38’. 


1930 1931 
Tubular wells; Tubular wells; 
16-214'’x20'-50’. 11-214"x20/-30’. 


1918 
Tubular wells; 
61-214/x34’-61’. 


1908 
Dug well; 30’ dia.x35’. 


1905 1911 
Tubular wells; 8-224”. 6-214''x37’ Av. 
1908 
1-244”, 4-214'’x36' Av. 
1909 
$2y"x34’ Av. 
1910 
(24x35 Av. 


1908 


1925 1933 
wells; Sas 10-214'’x30/—43’. 11 wells disconnected due 
22-244'x31'-43’. 1928 to high COz. 


21-214x28’-35’. 
11 test wells. 


Tubular x .. 
20-214/x30/-50" 


1912-1915 
Dug well; 20’ dia.x18’. 
Dug well; 60’x12’x18’. 














Surface water supply. 
Filter gallery for emer- 
gency only. 


Spring with collecting 
drains; 38’x7’x10’. 


Tubular wells; 
35-214x30/-70’, 
Av. 40’, 


Tubular wells; 
33-214'’x26’-38’. 


Surface water supply. 
Tubular wells; 
27-214''x20'-50’. 


Tubular wells; 
67-214’x28'-70’, 
34-2/'x28’-70’. 


Dug well and covered 
filter bons if acre x8’, 
40’ dia. 


Dug well; 50" ‘ia. x35’. 
Iron removal plant con- 
templated. 


Tubular wells; 
40-214''x27’-40’. 

Dug wik 26’ dia.x23’. 

Spring; 9 dia.x6’. 


Tubular wells; 
32-214x28’-43’. 


Tubular wells; 
20-244'’x30’-50’. 


Dug wells; 1- ~-{ ‘hes x18’, 
1-60’x12’x1 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types OF GROUND WATER Syppy 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 





WATERTOWN 


1885 Watertown Water Supply Co. 


1897 Town. 
1898 Metropolitan. 


WEBSTER 
1881 H. L. Slater. 
1894 Town. 


West BRookFIgL! 
West Brookfield ee Co. 


Quaboag Aqueduct Co. 
Cement Aqueduct Co. 


Town. 


Westro! 
Westford Water Co. 


Brookside Water Co. 


WESTMINSTE 
Westminster Aqueduct Co. 


Weston 
1896 Weston Aqueduct Co. 
1921 Town. 


Weston Water Co. 


Glen Farm Water Co. 








Filter gall 

ilter gallery; 
560’x1’x1)4’. 

Reservoir 
(surface). 


1879 
Filter basin and 
charging res- 
ervoir. 


Sid jet it 
ide hii ery; 
epee 





; 1885 
Filter galleries; 
190’x15’x12’-15’, 
175’x3’x2’, 102’x8’. 


1881 
Lake (surface). 


1884 
Filter gallery ;63’x12’x18’. 


Dug well; 22’ dia.x20’. 


1890 
Springs; 1-60’x20’x8’, 
1-40’x12’x9’, 





1898 
Dug well; 25’ dia.x3f 


1897 
Tubular wells; 
33-214'x30'-. 
Gravity flow at first. 


1896 
Dug well; bt dia.x2. 


Tubula 
a eae 25. 
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asp Dates OF INSTALLATION—Continued. 








1901-1910. 


1901 
Filter gallery and crib. 
Wx10'x — prepared 


1908 
ubular wells; 
10-214'x35’ Av. 


1910 
2-Dy'a25/-28", 


1911-1920. 


1921-1930. 


Since 1930. 


In Use, 1935. 








1915 
Tubular wells; 
17-244'x30'-65’. 


1913 
Tubular wells; 
10-214/’x22’-35’. 


1917 
Tubular wells; 
9-219""x40’— 60’. 
Dug walls 214’ dia.x34’. 
1 920 


Tubular wells; 
7-219/'x38’-41’. 





19265 
Tubular wells; 
30-214x35’-60’. 


1924 
Tubular well; 
10’ dia.x3034’ 
1927 


Dug well; 25’ dia.x40’. 





Gravel packed well; 
6” dia.x48’. 





Surface water supply. 


Tubular wells; 
30-214''x35’-60'. 
Gravel packed well; 
6” dia.x48’, 12” dia. 
Surface water supply for 
part of town. 


Dug well; 25’ dia.x30’. 

Tubular wells; 
76-214x35’-65’. 
14-6''x35’-65’. 


Filter gallery; 63’x12’x18’. 

Dug wells; 1-22’ dia.x20’, 
1-25’ dia.x40’. 

Tubular wells; 
1-10” dia.x3034’, 
50-214'’x30’-65’. 


Filter basin below reser- 
voir formed b: | diking 
off part of pon 


Tubular wells; 
10-214/’x22’-35’. 


Tubular wells; 
19-219"’x35’-60’. 

Dug well; 1-214’ dia.x34’ 

fubular wells; 
7-219'x38'-41’. 


Springs; 1-60’x20’x8’, 
1-40’x12’x9’. 

Dug well; 10’ dia.x22’. 

fubular wells; 
11-214'"x22’-25’, 
30-z! Ya'"x25/-28'. 


Dug —_ ta 12’ dia.x25’, 
1-20’x20’x30’. 


Dug wells; 2-20’ dia.x15’. 








MASSACHUSETTS GROUND WATER SUPPLIES. 


Types OF GROUND Water Sy 








MUNICIPALITY AND OWNER 
or Source or Suppty. 


Prior to 1870. 


1871-1880. 


1881-1890. 


1891-1900, 





West SPRINGFIELD 
(Mittineague) 


West STrocksripGE 
East Mountain Water Co. 


WeEstwoo! 
Westwood Water Co. 


Dedham Water Co. 


WHITMAN 
1883 Town. 
1905 Supplied from Brockton. 


Wagers 
Williams Aqueduct Co. 


1847 Williamstown Water. 
1885 Company. 


WILMINGTON 
Town. 


WINCHENDON 
Town. 


WINTHROP 
1884 Revere Water Co. 
1898 Metropolitan. 


Wosurn 
Town. 


Worceste! 
1798 ‘Daniel Goulding 


WoRTHINGTON es 
Worthing Fire District. 


WRENTHAM 
Straw Factory. 
1907 Town. 


YARMOUTE 
Town. 





1796 
Springs. 
1859 
Springs. 


1848 
Springs: 
1-50x30'x5’, 
1-90’x38’x7.7’. 





_ 1880 
Springs. 


1873 
Filter gallery; ; 
82’x12’x9’. 





1883 

Filter galleries; 
100’x15’x14’, 
416’x18’x20’. 


Springs; 258012, 
200’x200’x 


1884 
Revere Water Company. 





1893 
Dug well; 25’ diasiy 
"1896 
Spring. 


Drilled ol @” 
Pond cmanat 


1896 
Dug well; 2844’ dias. 
Collecting drain; 
1065’x6”-12" pipe wil 
open joints. 


1898 
Metropolitan. 
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xp Dares OF INSTALLATION—Concluded. 








1901-1910. 


1901 
ubular wells, 


1891 1905 
11; 6” dias” BSupplied from Brockton. 
ection. 


1910 
Dug well; 40’ dia.x35’. 


1907 
Dug well; 20’ dia.x30’. 
1908 


vbular wells; 
0-214"x38’-40’. 


1911-1920. 


1921-1930. 


Since 1930, 


In Use, 1935. 








Ree ie 
Springs and collecting 
reservoir, 0.15 acre. 





1922 
Reservoir for springs, 
10’x10’x6’. 


1925 
Tubular wells; 
16-214x45’-64’. 
1927-1928 
26-214'x45’-85’. 


= ee 
Charging reservoir con- 
structed. 


1927 
Gravel packed well; 
26” dia.x40’, 38” dia. 


1929 
Dug wells; 
30’ dia.x20’-26’. 





1932 
Gravel packed wells; 
1-18” dia.x70’,30’dia., 
1-18” dia.x56’,30’dia., 
1-18” dia.x6214’, 
’ dia. 


1931 
Dug wells; 
3-30” dia.x20’-26’. 
1933 
3-30 dia. 
1 
1-30” dia. 
1931 
Tubular wells; 
14-2 44’x30’-47’. 


1933 
6-219"x30/-47’. 








Surface water supply. 


Springs and surface water 
supply. 


Tubular wells; 
6-2’’x15’-25’, 
2-214"’x15’-25’. 


Also Dedham Water Co. 
Tubular and dug wells. 


Surface water supply sup- 
plied from Brockton. 


Surface water supply. 
Springs; 1-50’x30’x5’, 
1-90’x38’x7.7’. 


Tubular wells; 
42-216'"x45’-85’. 


1-40’ dia.x35’. 
Charging reservoir. 


Surface water supply. 


Gravel packed wells; 
1-26” dia.x40’, 38” dia., 
1-18” dia.x70’,30’ dia., 
1-18” dia.x56’, 30’ dia., 
1-18” dia.x6214’,30' dia, 


Surface water supply. 


Springs and collecting 
reservoir. 


Tubular wells; 
21-214'"x20'-35’. 
Dug wells; 7-30’. 


Tubular wel Is; 
20-214'x30'-47’. 
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state. In anticipation of this question a map (Fig. 1) has been prepared 
which includes also the ground water supplies that have been abandoned 
in favor of surface water supplies. When the Metropolitan Water District 
was formed, local municipal supplies were soon abandoned with the excep- 
tion of the Brookline and Newton supplies. The city of Lawrence, like the 
neighboring city of Lowell, in the early years of its municipal supply took 
water from the ground near the Merrimack River. While Lowell developed 
additional ground water sources to meet its growing demands, Lawrence 
turned to a more abundant supply of river water, not appreciating the 
danger of the use of polluted water until later. The town of Stoughton 
experienced difficulty with its ground water supply and at the present time 
is furnished with surface water. The city of Taunton is supplied with surface 
water except that on occasions when it is necessary to clean the reservoirs 
temporary use is made of the old ground water works. The old supply of 
Provincetown, located in the town, was abandoned several years ago 
because of the large amount of iron present in the water and a new supply 
was developed in the town of Truro. In North Adams, elimination of 
several leaks discovered in a study of water consumption and a drop in 
industrial activity made it unnecessary for several years to use the deep 
tubular wells. These have virtually been abandoned. The ground water 
supplies in use in former years in Amherst, Cheshire, Chicopee, Shelburne, 
Southampton and West Springfield became inadequate with increased water 
consumption, and these ground water sources were abandoned for more 
abundant surface water supplies. With these exceptions, municipalities 
which have adopted ground water supplies have continued to use them, 
although some are now employed only as auxiliary sources or have been 
replaced by works in different locations. 

For those who may not be familiar with the various methods of taking 
water from the ground, sketches have been prepared with the dual purpose 
of explanation and the avoidance of lengthy text. These sketches are repro- 
duced in Figs. 4—16. 

The data shown in the accompanying table have been rearranged with 
careful selection of the various types of works installed during each decade 
since 1870. Diagrammatic tabulation of this information shows through the 
decreasing or increasing number of installations, the favor in which each 
type has been held and also the transition from one type to another as 
progress in the art of developing ground water supplies took place. Figures 
2 and 3 present this summary for consideration and also serve as a ready 
reference to show the municipalities in which different tyres of works have 
been used. 

Methods of Obtaining Water from the Ground. Wells have been in 
common use as a means of tapping subterranean waters for centuries. It is 
only natural, therefore, with the experience of the old world to guide them, 
that the early settlers in this country should have depended upon wells for 
private water supply wherever it was not possible to find a natural spring 
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Fig. 2.— CHANGES IN INSTALLATION OF DIFFERENT TYPES OF 


MASSACHUSETTS GROUND WATER SUPPLIES. 
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Brookfield 


Fig. 3.— Types or MassacnusEtts GROUND WATER SuPPLIES 
IN UsE IN 1935. 
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Fia. 4.— SpRINGs. 
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Fic. 5.— Large Dua WELL. 








Fig. 6.— Mopiriep Due WELL, 


Small diameter deep well and tubular wells sunk in bottom 
of original shallow well. 
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Chorging Fitter, Ditch or Reservoir 











Fig. 7— Mopiriep Due WELL. 
Charging filter, ditch or reservoir provided to increase yield. 

















Fig. 8.— WELL AND FILTER Cris. 
Crib constructed around intake pipe in stream. 














Fig. 9.— UNDERDRAINED RESERVOIR. 
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Fia. 10.— Fitter Basin. 














Fig. 11.— Fitter GALLERY. 











Prepared Filter Bank 


TauntTon RIVER 
Low woter level 
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Brick filter Galler 











Fig. 12.— Fitter Bank. 





sett ©64 70 © &© § & 1H = we oe 


a 


KINGSBURY. 187 


(Fig. 4). The absence of economical means of pumping led to the search for 
springs at higher elevations than the dwellings to be served in order that 
water might be piped to them by gravity. The first public ground water 
supplies were developed after this manner, and even today there exists a 
local prejudice in favor of gravity supplies based no doubt upon the general 
opinion of former years that there existed a balance of economy over the 
use of a pumped supply. Walton H. Sears* as a part of his paper on ““Pump- 
ing Water,” gave a review of the history of pumping water in this country. 
It is interesting to conclude from his statements, taken in conjunction with 
Figs. 2 and 3, that when means of economical pumping became available, 
ground water supplies came into greater use. 

With private wells as an example, the first public wells were made 
similar but larger with the expectation that they would yield the greater 
quantity needed for a public supply (Fig. 5). Unfortunately this did not 
always have the desired result, and available records show that direct con- 
nections to a nearby pond or stream were maintained for emergency use, 
such as drought or fire. 

Attempts to increase the yield of dug wells took the form of sinking 
smaller but deeper wells in the bottom or by driving or drilling tubular wells 
in the bottom (Fig. 6). This procedure failed in its attempt to bring more 
water to the site, and collecting drains came into use which in some instances 
were laid radially from the well. Ditches or filters supplied with surface 
water were constructed near the well in an effort to charge the ground with 
water (Fig. 7). Direct connections to streams or ponds were officially 
frowned upon, and attempts to meet the situation sometimes took the form 
of installing filter cribs around the end of the intake pipes (Fig. 8). Arti- 
ficial ground water was also developed by installing systems of underdrains 
and flooding the area with surface water (Fig. 9). 

The fact that the most abundant store of ground water is to be found 
in the low lands led to the construction of elongated wells called filter basins 
parallel to rivers (Fig. 10). The first of these and certain dug wells, in the 
beginning merely open excavations, were later walled up or replaced by 
galleries or pipes laid in trenches and covered with a sufficient depth of soil 
to prevent the direct entrance of surface water (Fig. 11). This step was 
further hastened by complaints which arose against the disagreeable tastes 
and odors imparted to the waters of open basins or wells by the microscopic 
organisms which were found to grow abundantly in water drawn from the 
ground and stored in the presence of light. These latter types of works have 
come to be known as filter galleries. In one case an attempt to increase the 
yield of such galleries was made by excavating the natural material between 
the gallery and the river and replacing it with selected gravel. So far as the 
record shows, this was the only one of its kind and was known as a “filter 
bank” (Fig. 12). 





*This Journal Vol. 49, 1935, p. 119.) 
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Fig. 13.— DRILLED WELL. 
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Fig. 14.— TusuLar WELLS — Gravity FLow. 














Fig. 15.— Tusutar WELLS — Suction Lit. 
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The drilled well had a short life in the eastern part of Massachusetts 
principally because of the unproductiveness of the granite and other igneous 
rocks underlying the glacial deposits and because of the danger of pollution 
(Fig. 13). In the western part of the state certain deep drilled wells, said 
to have penetrated sandstone, furnished a somewhat better yield but were 
discarded because of the questionable quality of the water drawn from the 
populated area in which the wells were located. The deepest well of this 
kind, located in eastern Massachusetts, was drilled to a total depth of 975 ft. 
and produced a yield of 70000 g.p.d. The optimism attendant upon the 
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Fig. 16.— GRAVEL-PACKED WELLS. 


drilling of this well included the expectation of supplying not only the city 
in which it was located but also a neighboring city. 

A paper presented before this Association in March, 1887, by Noyes, 
dates the beginning of the use of tubular wells in this country to about 1850, 
and Noyes wrote that the first private tubular well was driven experimen- 
tally in Somerville by Calvin Horton. This well was 114 in. in diameter and 
36 ft. deep. The first uses of tubular wells in connection with public supplies 
were in the bottom of dug wells or filter galleries, or in groups connected to 
discharge into such works by gravity. The tubular wells at Brookline were 
designed to discharge to the pump well by gravity, but as the art of making 
the connecting piping air tight progressed the collecting main was connected 
directly to the pumps and the wells then operated under suction. Tubular 
wells are installed with open ends in coarse gravel or with strainers where 
the sand is finer (Figs. 14 and 15). 

The tendency of small tubular wells to become clogged has led to the 
development of a new type of well, known as the gravel packed well (Fig. 16). 
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This type of well is constructed by sinking a large casing to the depth de- 
sired for the finished well, and a smaller pipe is then inserted inside the outer 
casing. The annular space between the two casings is filled with selected 
gravel cf a sufficient size readily to permit the flow of ground water to the 
inner pipe and small enough to act as a strainer to hold back the finer 
material in the surrounding soil. The portion of the inner casing below 
normal ground water level is perforated with holes or slots to admit the 
water without allowing the gravel packing to enter. The outer construction 
casing is withdrawn, leaving a well with its strainer surrounded with an 
outer secondary strainer of gravel. The success of this type of well lies in 
the fundamental fact that the velocity of approach of the water entering 
at the larger circumference at the outer limits of the gravel packing is low 
enough so that the water does not carry the fine material from the soil. 
Theoretically, finer water-bearing material should require a larger diameter 
of gravel packing. 

Gravel packed wells may be classified in two groups: those which are 
connected with surface pumps by draw pipes and for convenience called 
gravel packed wells with suction lift, and those provided with pumps sub- 
merged in the inner casing below the maximum point to which it is desired 
to draw down the level of the ground water. Wells of each kind have been 
installed in connection with municipal works in Massachusetts. The advan- 
tages of this type of well may, however, be lost if due consideration is not 
given to the selection of a proper site for their installation and a considerable 
degree of engineering skill and judgment exercised in the interpretation of 
the results of the necessary preliminary explorations made to determine the 
character of the water-bearing material. 

This type of well seeks to combine the low cost of construction of the 
tubular well with the advantages of the greater circumference and conse- 
quent lower velocity of approach of the water entering a dug well. From 
the standpoint of economy there appears fo be a limit to the size of gravel 
packed wells and consequently a limit to the quantity of water which should 
be expected from each well. A feeling of conservatism leads to the con- 
clusion that a greater measure of success will attend the adoption of this 
type of well if it is considered as a progressive member of the well family 
and not as an infant prodigy capable of startling performance. A step in 
the direction of the gravel packed well was taken when small dug wells 
lined with 24- to 48-in. tile pipe were in certain instances substituted for 
tubular wells where the fine soil clogged tubular wells. 

Wells Near the Sea. Wells near the sea have in several instances given 
trouble by producing brackish water during times of drought or when in- 
creased draft upon them had lowered the natural fresh water level. This 
experience was encountered at Revere before the wells were abandoned in 
favor of the Metropolitan supply and more recently at the North Truro 
supply of the town of Provincetown. Studies in connection with the latter 
supply and a search of the literature on the subject show that this phe- 
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nomenon was first studied and an explanation presented by Badon Gyhben, 
a Dutch engineer, in 1887. It was concluded that the sea water would 
penetrate under the land and stand at an elevation approximately equal 
to mean sea level if it was not for the fresh water which has passed down- 
ward through the soil to rest upon the salt water and to tend to displace it. 
The level of the ground water established by this fresh water load is 
governed by the conditions of rainfall, the amount which seeps into the soil 
and the gradient necessary to permit this water to flow through the ground 
to the ocean. At this point it may be instructive to introduce a diagram to 
assist in pursuing the matter further (Fig. 17). 





— Tubular Walle —_ oo 











Fig. 17.— WELLS NEAR SALT WATER. 


The fresh water does not immediately mix with the salt water but 
tends to displace it, and because of the resistance of the soil to free move- 
ment of the salt water away from the field this displacement takes place in 
a vertical direction. When the load of fresh water has established its level 
at one foot above the normal salt water level the salt water will be found 
depressed about 38 ft., and a surcharge of fresh water to two feet above 
mean sea level or thereabouts will have depressed the salt water twice this 
amount. Greater loads of fresh water will bring about proportionally 
greater depressions of the salt water. Salt water is heavier than fresh water 
and from their known specific gravities it is computed that 39 ft. of fresh 
water will balance about 38 ft. of salt water. The fresh water underground 
near the sea is in balance with the salt water at the shore. 

Tests for a supply of fresh ground water near the sea may be entirely 
successful, but continued pumping from wells may reduce the fresh water 
load so that the salt water will rise to the level of the bottom of the wells 
and the supply become salty. This does not usually take place suddenly 
but is evidenced by a gradual increase in the salinity of the water supply. 
At Provincetown, experiments showed that wells deeper than 15 ft. below 
the water level pumped brackish water and that it was only necessary to 
drive five feet deeper to obtain water which was one-tenth salt water. It 
was further found that clogged wells in one portion of the area resulted in 








192 MASSACHUSETTS GROUND WATER SUPPLIES. 


a greater draft from other wells and caused the salt water to rise to them. 

Figure 18 has been prepared to show the increased salinity of water 
drawn from tubular wells near salt water with increased water consumption, 
the age of the works and also improvements when additional wells were 
installed to spread the load over a greater area. 

Obtaining a suitable supply of fresh water near the sea is essentially 
a skimming problem, and if the cream is thin or an attempt is made to skim 
too closely or too deeply in one spot the product will not be to one’s liking. 
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Fig. 18.— INCREASE IN SALINITY OF PROVINCETOWN TUBULAR WELLS. 


Quality of Ground Water. Methods of obtaining water from the ground 
have been discussed at some length and a brief reference to the quality of 
ground waters should logically follow. In Massachusetts, the ground waters 
are relatively soft, and the hardest of them taken from limestone regions 
in the western part of the state rarely justify the adoption of water softening. 
Assuming that the site has been selected with good sanitary engineering 
judgment with due regard to avoiding sources of pollution, then the greatest 
concern of the water works official and his engineer is to obtain a water free 
from color, low in iron and manganese, and free from dissolved gases which 
may require removal to render the water fit for use. Of course the water 
should be of normal salinity. In most towns where suitable sand and gravel 
deposits exist, water may be obtained free from iron if the search is thor- 
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ough. There have been, however, one or two instances where it was necessary 
to accept a water containing a considerable quantity of iron and to include 
iron removal plants in the initial developments. 

While the majority of ground water supplies continue to produce water 
of acceptable quality, others have for one reason or another experienced a 
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Fig. 19.— CHANGES IN WATER QUALITY oF TUBULAR WELLE. 
Measured in Terms of Iron and Free Ammonia. 
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gradual deterioration in quality. Overpumping of a group of wells has 
resulted in drawing fine sand from the surrounding soil, and increased draft 
or drought has caused water to flow to the collecting works from under- 
ground areas remote from those originally tapped with a resultant change 
in the quality of the water pumped. Some of these remote areas contain 
water high in organic matter which results in the dissolving of iron from 
the soil through which the water passes on its way to the wells and in the 
formation of carbon dioxide which is an agent in rendering the water corro- 
sive. Figures 19 and 20 show the changes which have taken place in the 
quality of the water of two supplies collecting water by means of tubular 
wells, and of two supplies using dug wells. These are selected because of 
their marked contrast to show the change in the iron content and the rela- 
tively higher amount of free ammonia in water having higher iron. 

Usually a change in the color of a ground water supply is just cause for 
alarm because of the likelihood of a leak in the collecting system which may 
be admitting imperfectly filtered surface water. It is possible to draw 
colored swamp water from considerable distances through coarse gravel 
without the removal of color. By this same premise, however, it might be 
expected that bacteria associated with pollution might follow. Therefore, 
a colored ground water should be viewed with suspicion. 

Changes in the chloride and nitrate content of the water may indicate 
a change of environment with the encroachment of population upon areas 
which, with more foresight, might have been reserved for the protection 
of the supply. This sort of change as well as the difficulty of finding new 
unpolluted areas from which to draw additional supplies was partly respon- 
sible for the formation of the Metropolitan Water District. An increase in 
the nitrate or carbon dioxide content of the water may take place concur- 
rently with an increase in the iron content, but the carbon dioxide or nitrate 
content may increase independently of the iron. 

Instances of improvement in the quality of a ground water after 
preliminary tests are rare, but in two cases it has been experienced. Jn one 
case the quantity of iron decreased materially during a pumping test to a 
much lower figure than that found in the water from exploration wells, and 
in another case the quantity of carbon dioxide decreased when the ground 
water had been lowered below its line of contact with an area of peat over- 
lying the well field and after dilution with water entering the field from 
other areas. 

While numerous records are available concerning variations in the 
amount of iron in water, the records of variations in the carbon dioxide 
content under changed conditions of draft are not plentiful. 

Ground Water Treatment and Protection. Works for the treatment of 
ground water have been associated in Massachusetts principally with 
increased iron content. Such works have been of more or less uniform 
design providing aération, percolation through coke or crushed stone, sedi- 
mentation, and filtration through sand at slow rates, the processes following 
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in the order given. This type of treatment has been successfully used at 
six plants. At one plant preliminary treatment only by aération, coke con- 
tact and sedimentation was adopted with the intention of adding slow sand- 
filters at a later date. Aération and sedimentation alone is being practiced 
at still another plant until change in the quality of the raw water makes 
further treatment necessary. 

Of late more attention has been paid to the corrosive quality of certain 
ground waters, and devices have been installed for the dosing of the water 
with chemicals where no further treatment has been required. The treat- 
ment of ground waters for the removal of iron or the correction of acidity 
give challenge to the engineer and chemist since it is by no means certain 
that the most economical design has yet been developed. 

In order to conserve the advantages inherent in a ground water supply, 
it is important that due care be used in the selection of the site for the 
collecting works with a view to protection of the water from pollution on the 
watershed and to the possibilities for extending the works to obtain addi- 
tional quantities of water. Sufficient testing at the site should be made to 
justify the installation of the final plant with the expectation that the 
quality of the water will be equal to that obtained from the test plant. The 
works should be enlarged from time to time to keep pace with the increased 
demands upon them in order to avoid damage by overdraft. Due regard 
should be given to the chemical characteristics of the water and corrective 
treatment instituted in time to avoid damage to the distribution system and 
house piping. Neglect of this precaution may give rise to complaints and 
result in a large economic loss due to corroded or clogged piping or inter- 
ference with industrial processes which might have been avoided to the 
financial advantage of the community and the individual. In towns where 
there are lead service pipes, especial vigilance should be maintained, since 
the corrosion of lead pipe has been known to cause serious lead poisoning 
among those drinking the water. 

Ground water supplies have found great favor in many municipalities 
because of their relative freedom from pollution, but regular tests should 
be made to insure that the works continue to be safe. Ill considered changes 
should be avoided. In one instance the bank of a stream adjacent to a dug 
well was excavated to permit the water of the stream to approach nearer 
to the well with the expectation that the yield of the well would be increased. 
The expectation was fulfilled, but the change also endangered the safety 
of the supply by permitting the surface water of the brook to flood around 
the well with the danger of the entrance of imperfectly filtered water. In 
certain instances, suction mains connecting tubular wells have settled 
causing the joints in the main to open and admitting air during times of low 
ground water stages or admitting swamp water during times of flood. 
Settlement of suction mains has also caused the tearing away of the goose- 
necks and other parts of the lateral connections to individual wells with 
similar results. Sometimes the settlement of a suction main has deranged 
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the vertical alignment enough to form an air trap in the line, reducing the 
carrying capacity and increasing the vacuum required on the pumps. In 
view of these possible defects which may occur in the collecting system, 
it is becoming increasingly apparent that the flooding of well fields with 
surface water subject to pollution should be prevented. It has been sug- 
gested that the diking off of well fields which are subject to overflow from 
adjoining streams should be made standard practice. The engineer and 
water works official should also be alert during construction of collecting 
works to make certain that polluted soil is not used in filling around the 
wells or in their construction. This has happened in at least two instances, 
and several months elapsed before all trace of bacteria characteristic of 
sewage pollution had disappeared, even when attempts were made to 
chlorinate the material used for fill. There have been instances where large 
wells have been converted into collecting wells to receive the water from 
additional works and where a loss of water has occurred by escape into the 
ground surrounding the collecting well when the discharge into it was main- 
taining a water level above that in the surrounding ground. 

It is suggested that every water works superintendent take account of 
stock at least once a year and test his ground water collecting system for 
leaks which may endanger the safety of his supply. He may also consider 
the method of sewage disposal at the pumping station and should assure 
himself that it cannot cause pollution of his supply and may interest him- 
self in the character of the water which might flood the well field from neigh- 
boring streams. Tubular well systems may be tested for leaks by the use of 
compressed air, and similar tests may be made on suction pipes leading to 
dug wells or other works or on suction mains which pass under open streams. 
Ground water is normally low in color, and one of the simplest tests which 
can be made is the daily collection of a sample of water in the pumping 
station for comparison with that collected on previous days. By arranging 
these samples in front of a white cardboard, any change in color may be 
noted, and a search for the cause should ‘begin immediately. The super- 
intendent should also consider the capacity of his supply and the growing 
demands upon it, so that he may take steps to increase his plant before 
damage to the works or avoidable impairment of the quality of the water 
results from over pumping. He should at regular intervals consider the 
changes in the character of the water produced to determine what treat- 
ment, if any, should be applied to render the water more acceptable to the 
consumer and thus to maintain the good will essential to the conduct of all 
utilities whether publicly or privately owned. 

Conclusion. In closing this paper let us question whether or not there 
has been a measure of overconfidence concerning ground water supplies. 
Ground water is naturally filtered surface water, and the same care and 
consideration should be taken to avoid pollution in drawing it from the 
ground as in the protection of water which has been artificially filtered. 

Acknowledgment is hereby made of the patience and skill of Miss 
Margaret M. Enwright in preparing the intricate tabulations for publication. 





THE WATER SUPPLY OF A STATE INSTITUTION. 


BY BAYARD F. SNOW.* 
[Read September 19, 1935.] 


The State Prison Colony of the Massachusetts Department of Correc- 
tion is located at Norfolk, Mass., about 25 miles south of Boston, in the 
valley of the Stop River, a tributary of the Charles. Here, on land originally 
acquired by the state for other purposes, is being constructed an institution 
or group of institutions which will eventually house a lafge part of the prison 
population of the state. 

By 1930, when the author first became connected with the project, 
some progress had been made in the institution and a potential source of 
water supply had been located by the State Department of Public Health. 
Exploratory and test wells had been driven at various points in the valley 
southerly or upstream from the proposed location, and ten wells had been 
connected and tested by continuous pumping for a week in September of 
the previous year. The results of these tests indicated that the water was 
of excellent quality and probably ample in quantity for the proposed insti- 
tution, at least for ordinary domestic and industrial use. The wells used 
during the pumping test were believed to be sufficient to supply the Colony 
until material increase in population made additional collecting works 
necessary. This has proven true, and until June 1935 the entire supply for 
the rapidly growing institution has been taken from these ten tubular wells. 
During the past year, however, they have been taxed to their full capacity 
to meet the needs of the construction program, which increased the draft 
to such an extent as to require almost continuous pumping. 

A public institution bears many points of resemblance to a town of 
similar size: A group of people bound together by geographical ties, living 
and working side by side, frequently have nothing more in common than 
the physical association forced by economic, physical or statute laws. 
Such a group, however, whether civic or institutional, creates a demand 
for water for its personal and industrial needs, a demand which varies with 
the population, its personal habits and the nature of its industries. 

Many of our towns have found it expedient to take their water from 
the ground. So, too, most of our state institutions find the ground-water 
supply most readily available and easiest to protect from pollution. To 
discover the best available source of supply and to develop that supply 
in the best manner always has complications which tend to make each case 
an individual problem. There are certain generalities which apply to the 
distinction between supplies for towns and those for institutions. For 
example, it can be assumed that an institution has a more orderly growth, 


*Consulting Engineer, Boston, Mass. 
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a planned program of development which makes the problem more nearly 
resemble those found in the text books than is usually the case. We find, 
too, that the institutional habits are more regular and that the variations 
in demand are consequently greater than in the case of a municipality of 
similar size. The use of water by a large group of people, all rising, washing, 
eating, working and having their recreation according to a regulated pro- 
gram makes for marked peaks of demand as well as for similarity of daily 
patterns in the demand curve. In an institution, therefore, we see a 
tendency toward a more definitely planned growth of population and 
industry, together with regular daily peak demands which are much more 


HOURLY VARIATION 
in 
RATE OF SEWAGE FLOW 


DANVERS STATE HOSPITAL 
~~ _ JAN. 1930 


Fig. 1. 


pronounced in their departure from the average consumption than is the 
case with municipal supplies. From the former it would appear that the 
engineer has only to learn the plan of development, and he can know for 
how many he has to provide. The study of population statistics, business 
trends, school enrollments, telephone installations, comparison with other 
similar populations and all devices frequently resorted to in the attempt 
_ to predict future population and water use are not only unnecessary but 


useless. 
To learn the plan of growth which will be followed, however, is not 


as easy as it may seem. Public policy changes, comparatively trivial inci- 
dents draw public attention to the institutions, and pressure is brought to 
bear on officials and executives to scatter the institutions over a greater 
area, making them smaller, or on the other hand, to concentrate more and 
more institutions on lands already acquired for such use. We find therefore 
that the plan of growth is more apt to be changed on short notice than is 
the case with municipalities and that in most cases the changed plan is 
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made without much if any consideration for the water supply needs. 
(Figure 1.) 

In planning for the normal and peak demands for the State Prison 
Colony we took into consideration not only personal and industrial needs 
but also the possibility that fire or riot might create a heavy draft. Two 
elevated tanks are provided, each of 150000 gal. capacity, one being lo- 
cated near the main from the pumping station to the walled enclosure and 
the other beyond the distribution loop which supplies the buildings within 
the wall so as to permit its use in case of temporary shut down of the supply 
main and thus to provide two sources for water. In studying a fire supply, 
consideration was given to emergency fire pumps, so located as to draw 
from the river or from an underground reservoir to be provided and filled 
from the regular supply. It was evident, however, that extension of the 
ground-water collecting system would soon be necessary to meet the 
increasing demand, and when under P.W.A. some such additional works 
seemed likely to be authorized, the opportunity was given to increase the 
system. No large deposit of coarse water-bearing sand had been found in 
previous tests, but the tributary drainage area could be expected to supply 
more water than the reasonably anticipated demand. The problem was to 
collect it and supply the ordinary needs of the Colony and at the same time 
to be prepared to meet emergencies by furnishing water at an especially 
high rate for a short time. 

These conditions appeared to be met by a large dug well which had 
the advantages of serving as a collecting unit and also providing the desired 
storage from which the water could be pumped more readily than directly 
from the ground. This well was constructed as a caisson with a cast-iron 
cutting edge and reinforced walls 18 in. thick. A reinforced concrete roof 
was made at about the former ground level and covered with 30 in. of 
earth, access being provided by a double covered manhole. A 4-in. air vent 
was also provided. (Figure 2.) : 

While the dug well was being constructed, four tubular wells were 
added to the system which now consists of fourteen 214-in. tubular wells 
25 to 35 ft. deep, connected to a 6-in. cast-iron suction main leading to the 
sand chamber in the pumping station. From the dug well an 8-in. pipe 
connects with the 6-in. suction main at the sand chamber. 

As long as gates on both suction mains are kept open, the amount 
pumped from either source is determined by the hydraulic balance between 
the two halves of the system. It is obvious that the draft on the tubular 
wells is limited by the fact that there can be no great drawdown except as 
such drawdown also takes place in the dug-well; also that drawdown in the 
dug-well requires exhaustion of stored supply and takes time. To lower 
that water level by 5 ft. means the pumping of 18 000 gal. from storage in 
addition to the yield, which will be increased to a rate of 300 g.p.m. with the 
lowered level. The storage in such a well acts in a way analagous to a 
distributing reservoir and permits pumping for short periods at rates very 
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much in excess of safe yields from the ground. Not only does the storage 
in the upper section in such a well prevent a drawdown which would create 
undesirable velocities of flow toward the wells, but when after continued 
pumping at high rates the accumulated storage is largely dissipated, the 
lowered level in the wells has been accompanied by a lowering of the ground 
water in the adjacent area and the establishment of more gradual hydraulic 
slopes, with the avoidance of high velocities. 





TIME DRAWDOWN CURVE 
TUBULAR WELLS 


—ro.__, DUG WELL 
He, NORFOLK MASS. 


190 G.P.M. 

















V AT 103 GPM 











+-OBSERVATION Wi 


—— ... 
-—--—--+ 























| j 
"60 GPM 103 G.P.M.—»s———- 150 GP. u___-» 














12:00 








| 
| 

Bag | 
Distal L 





Fia. 3. 


The flow into a well in a given material is dependent not upon the 
drawdown from the original static water level but upon the hydraulic 
capacity of the water-bearing stratum and the slope of the water surface. 
This slope may be measured by observing two wells, one being pumped, 
and one a few feet distant. Our experience has indicated that the loss of 
head between such points remains constant for a given pumping rate, even 
though the water level in both is lowered as pumping continues. This is 
illustrated in Figure 3, which shows how the time-drawdown curves of 
pumped well and observation well parallel each other for a given pumping 
rate. 

We have tested this well field in several ways during the past year. 
Before selecting the location for the dug well, preliminary test wells were 
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driven at locations determined as we proceeded. The best coarse water- 
bearing deposit being located, six wells were driven on what was proposed 
to be the location of the outside of the caisson, being carefully spaced in a 
regular hexagon, 14 ft. apart on a 14-ft. radius. An observation well was 
located in the center of the group, another about 2 ft. outside and others 
at irregular intervals. Our explorations had disclosed no free channel of 
communication between the old tubular well field and this new location, 
the former extending from 40 to 200 ft. easterly from the pump house and 
the latter being 400 ft. south westerly. The six wells were connected and 
given a short pumping test. Observation of water levels showed a response 
in each location to pumping at the other, a fact which had to be taken into 
consideration in our later tests. This evidence of communication made us 
sure that the pocket of coarse material that we found as indicated by 
borings was not a local deposit but was connected to larger deposits and 
could be expected to collect a large part of the underground flow of that 
valley. 

On completion of the system, we tested the dug well alone, the tubular 
wells alone and the two fields together. In testing the dug well, we pumped 
with a portable pump directly from the well to a weir box, holding as closely 
to a constant rate as was practicable. Records of water levels were taken 
day and night, at regular intervals, during periods of pumping and recovery. 
The records during pumping seemed to confirm the theory of a straight line 
relationship between yield and drawdown. Certainly the flow into the well, 
or yield, equalled the difference between the rate of pumping and the loss 
of storage, and increased proportionately to the distance below the initial 
level. Levels taken during recovery also indicate a yield which increases 
directly in proportion to the drawdown, but at a slightly lower level. 
Presumably the lowering is due to the fact that recovery could only reach 
the initial level after a rain. 

The difficulty with a yield-drawdown relationship, however, is that 
the plane from which drawdown is to be measured is subject to disturbing 
influences and is considerably affected by the pumping. In pumping at 
fixed rates from the tubular wells, we found that the water level continued 
to fall at decreasing rates but nevertheless with considerable rapidity for 
several hours. The flow into the wells, or yield, was equal to the pumping 
rate. The drawdown, measured from the initial level might be 1.15, 1.43, 
and 1.58 ft. at the end of one, two and three hours pumping, while the yield 
was constant. The rating curve, to which we refer later, shows a constant 
relationship between the yield and the slope toward a pumped well, as 
measured by the difference in water levels between adjacent wells. 

Subsequent pumping and recovery tests, with the dug well and tubular 
wells connected by the suction main through which the water was free to 
pass not only during the pumping but also during the recovery, as indicated 
in Figure 4, show that recovery of storage in the dug well was hastened by 
flow from the tubular wells during the first part of the recovery period, and 
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later was retarded by flow back through the suction main to the tubular 
wells and thence out into the ground storage. The restoration of water in 
the ground around the tubular wells, due to the natural repletion from the 
surrounding area, was thus augmented and the time of recovery shortened. 
These effects are also shown on Figure 6 which is discussed later. 

We have previously referred to the relationship of the slope of the 
water surface or the drop in head between two points of observation, and 
the flow into the well or yield. Repeated observations at different pumping 
rates, each continued for a considerable time, showed that the cone of 
depression lowered as pumping progressed but did not appear to change its 
shape, at least at points near pumped wells. The water levels in a well being 
pumped and in an observed well 25 ft. away were lowered as the pumping 
proceeded, but maintained a constant difference as long as the pumping 
rate was unchanged. We show in Figure 3 a record of the water levels in 
these wells throughout the period during which four different pumping 
rates were maintained. Figure 5 is a rating curve showing the difference in 
level between these wells at the different pumping rates. 

A confusion can easily exist as to what is meant by drawdown. The 
cone of depression is refilled by radial flow from outside its limits and by 
percolation downward. The downward percolation is due to water tempo- 
rarily held in the interstices in the earth and lagging behind as the water 
table is lowered, and to rain on the area of the cone of depression. Many 
mathematical formulas have been evolved in the attempt to find some 
determination of yield, based upon assumptions as to the source of the 
water entering the cone of depression, as well as other assumptions of 
permeability and depth of the water-bearing stratum and its relation to 
the collecting well. It may be that the geology of other sections of the 
country permits the application of such formulas, but there appears to be 
so little uniformity or continuity to gravelly deposits in New England that 
formulas based on such assumptions can be very misleading. 

The “rating curve” appears to establish a relationship between the 
adjacent water surface and the yield of the wells being tested and to do 
this independently of the duration of the pumping test. It is recognized 
that under some geologic conditions a lowered water surface may produce 
a marked change in hydraulic capacity of the porous stratum, but our 
observations did not show this to be the case at Norfolk. Additional tests 
under other conditions may fail to show this parallelism between the time- 
drawdown curves of adjacent wells, but we believe that such failure can 
only be a result of a change in hydraulic capacity of the water-bearing 
stratum and indicative of facts the engineer should know. ; 

Each point on the rating curve represents a large number of observa- 
tions of the difference in water levels while pumping at a fixed rate. The 
yield appears to increase directly with this difference in level up to a point 
beyond which it would probably prove undesirable as well as unprofitable 
to attempt greatly to increase the draft. It is probable that further increase 
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in the steepness of slope toward the well, or difference in level between the 
points of observation, would result in small increase in yield. In other words, 
the rating curve appears to tend toward the vertical at a point correspond- 
ing to the limit of safe draft on the wells. In this case we found the curve 
started to break at about 12 g.p.m. per well and that there seemed little 
chance to increase the yield beyond 15 g.p.m. 

The rating curve is also useful as a means of measuring the flow into 
the wells under conditions which prevent other measurements of yield. 
For example, the yield curve of the tubular wells, obtained during the 
pumping test on those wells alone, was used as part of the data for the 
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diagram showing the effect of pumping from the combined system, 
(Figure 6), and resulted in a total which closely checked the Venturi rate. 
The time-drawdown curve appears to follow the general formula 
D = K(1—log, T) 
where D = drawdown from initial level, in feet 
T = time from starting pumps, in minutes 
K =a constant, dependent on rate, permeability, ete. (Under 
observed conditions and with above units, K varied between 
20 and 76.) 
We have not gathered enough data to determine general values of K, but 
the curve for any given conditions may be computed and extended, using 
observed values of D and T. The curve based on computed values com- 
pared very well with observed results. 
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The third part of the test consisted of pumping from the combined 
system and watching the recovery. The discharge from the station was 
measured by Venturi meter and was obtained from three sources: yield of 
the tubular wells, yield of the dug well and reduction of storage in the dug 
well. 

Figure 6 shows the effect of this test. The first half of the diagram 
shows the quantities from each of the three sources and a comparison of 
their sum with the metered discharge. The second half shows the same 
effect discussed in connection with Figure 4. 

The combination of storage in the dug well with the yield of the com- 
bined fields meets the desired conditions; storage to permit heavy draft for 
short periods, if desired for fire protection, plus an increased yield. A 
reservoir would provide storage but would have to be filled. The dug well 
provides a self-filling reservoir together with additional ground storage 
immediately adjacent. Ordinarily we expect a depletion of about 4 ft., 
but we can draw 10 ft. lower with existing equipment. ‘Aside from increased 
yield, which at the lower level becomes over 500 g.p.m., the storage between 
these levels is 40 000 gal., available for any emergency. 

The caisson-type dug well was constructed by James A. Munroe of 
North Attleboro. The B. F. Smith Co. did the exploratory work. Mr. 
John W. Greenleaf assisted the author in the tests and preparation of data 
for this paper. 





PROCEDURE 
IN DEVELOPING A GROUND WATER SUPPLY 
BY SHALLOW DRIVEN WELLS. 


BY RALPH W. HORNE.* 
[Read September 19, 1935.] 


The sequence of the important steps in developing a ground water 
supply by shallow driven wells is: 

(1) To estimate the maximum rate of draft which the wells must be 
able to yield. 

(2 To select a site adapted for the installation of the driven well 
system. 

(3) To install a system of test wells. 

(4) To conduct a pumping test of the wells. 

(5) To estimate the adequacy of the well site for furnishing the required 
draft of water. 

(6) To install additional wells and construct a permanent system of 
driven wells and suction piping, incorporating in the system all test wells 
which are suitable for the purpose. 

Description of Shallow Driven Well. A shallow driven well, as referred 
to in this paper, consists of an open-ended pipe driven into the ground, with 
the assistance of washing as necessary, until it penetrates a water-bearing 
stratum of material sufficiently permeable to permit the water to percolate 
through the stratum without undue resistance and rise in the well. A shallow 
driven well, as commonly used in New England for municipal water works, 
may vary in depth from about 20 ft. to about 60 ft. and generally is 214 in. 
in diameter. The lowest section of the well pipe, say the bottom 18 in. to 
about 3 ft., is perforated with holes about 3% in. in diameter and spaced 
about 2 in. apart, the length of the perforated section of pipe varying with 
the thickness of the water-bearing stratum encountered. The normal safe 
yield of such a well may vary from 5 to about 50 g.p.m., depending upon 
the size of the well and the permeability of the water-bearing stratum. If 
the water-bearing stratum consists of very fine material, it may be neces- 
sary to install a well strainer at the bottom of the well as a precaution 
against drawing an excessive quantity of the fine material into the well and 
clogging it. The general arrangement of such a well is shown in Figure 1. | 

Behavior of Ground Water Table Adjacent to Driven Well. When water 
‘is pumped from a shallow driven well the ground water level at the well 
and in the vicinity of the well is lowered below the normal ground water 
level as indicated in Figure 1. The amount of this lowering of ground water 
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level is termed “draw-down.”’ The shape taken by the water surface within 
the area of draw-down is termed the “draw-down curve,” and the perimeter 
of the area within which the draw-down of water level takes place is termed 
the “circle of influence.”’ Depletion of the volume of water inside the limits 
of the draw-down curve indicates a corresponding reduction in the volume 
of water in ground storage; the maximum rate at which water will continu- 
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ally flow into a driven well, during pumping, from outside the limits of the 
draw-down curve is the maximum “safe yield” of the well. The maximum 
rate at which water can be pumped from a shallow driven well will have 
been reached when the level of the water table at the well has been drawn 
down to the upper holes or perforations in the well pipe. At this level, air 
will be drawn through the soil and through the well pipe perforations into 
the well, thereby breaking the suction in the well and interrupting the draft 
of water from the well. 

Yield of Group of Shallow Driven Wells. Within the limits of accuracy 
which it is practical to attain in estimating ground water yield, the general 
ground water table surrounding a group of shallow driven wells may be 
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assumed to behave as in the case of one large well located at the center of 
effect of the group of wells. It is essential in planning the development of a 
ground water supply by a group of shallow driven wells to ascertain as 
accurately as possible the greatest rate at which water can be pumped con- 
tinuously from the wells without exceeding the maximum safe draw-down 
of the ground water level, or without drawing an excessive quantity of 
material from the water-bearing stratum into the wells; this maximum safe 
rate of pumping from a group of wells is taken as the maximum “safe yield”’ 
of the wells. 

By means of a pumping test it is possible to measure the amount of 
draw-down of ground water level corresponding to different rates of pump- 
ing from a group of shallow driven wells, and by using these data the draw- 
down for other rates of pumping may be approximated and also the pumping 
rate corresponding to the maximum safe draw-down. These approximations 
may be made graphically from a diagrammatic record of draw-down and 
yield. The pumping test should be continued for each pumping rate until 
a stage of practical equilibrium of ground water level is reached. It is 
possible by taking regular observations during a pumping test to ascertain 
whether a condition of equilibrium of ground water can be reached during 
continuous pumping at a desired maximum rate of daily draft and thereby 
to establish the ability of the ground water basin to yield the desired maxi- 
mum daily volume of water. In planning a new system of driven wells the 
contemplated normal daily pumping period frequently will not exceed 8 
hours, and a continuous 24-hour pumping test will therefore permit the 
pumping of the desired maximum daily volume of water from one-third as 
many test wells as the number of pumping wells required for the permanent 
installation. To ascertain the maximum safe yield directly from a well test, 
the test should be conducted under the most critical conditions of ground 
water stage, rainfall and season; other important factors which affect ground 
water yield such as porosity and size of water-bearing material and effect 
of surface tension will have their influence reflected directly in the observa- 
tions taken. Conclusions as to ground water yield which are based on a 
continuous pumping test carried to a stage of practical equilibrium of 
ground water are doubtless more reliable than conclusions reached by any 
other method. i 

Frequently lack of funds or other conditions incident to a well test will 
not permit the continuance of the test until a point of equilibrium of ground 
water level is reached, and in such cases a rough estimate of yield may be 
made by calculating the total volume of pumpage during the test and sub- 
tracting therefrom the volume of water estimated to have been obtained by 
depletion of ground storage, the net amount representing the yield. Such 
estimates should be based on observations of draw-down, taken during the 
test. In estimating the volume of water which represents depletion of 
ground storage the total volume inside the limits of the draw-down curve 
should be corrected for the factors of percentage porosity and capillary 
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attraction. After applying these corrections, it may be found that the 
actual volume of depletion of ground water storage will not exceed 5 to 
10 per cent. of the total volume within the draw-down curve. Estimates of 
the volume of water drawn from ground storage are uncertain because the 
shape of the draw-down curve and the extent of the circle of influence are 
difficult if not impossible to ascertain. At the outset of a well test most of 
the water pumped is drawn from ground storage, but as the test continues 
more and more of the pumpage is derived from yield. If a well test is con- 
tinued for 6 or 7 days or more and the site is at all favorable for a driven 
well system it is reasonable to expect that about 80 per cent. or more of the 
total pumpage during the test will be derived from yield. 

The use of empirical formulas to estimate draw-down and yield for a 
group of driven wells has been given much consideration, and such formulas 
may be helpful in making estimates of these factors. The general formulas 
which have been developed may be applied to a specific well system if a well 
test has been conducted and a stage of ground water equilibrium has been 
reached for a known pumping rate. Measurements of draw-down in test 
wells and in observation wells placed at various distances from the center 
of effect of the test wells may be substituted in the general draw-down 
formulas, and a formula applicable to the particular well system in question 
may be derived to show the relation between draw-down and yield. The 
formulas are intended to take account of the effect of porosity and size of 
water-bearing material and may be quite conveniently used if it is assumed 
that the effect of these factors is constant both for the rate of draft at which 
the test was conducted and for other rates of draft as well; such an assump- 
tion frequently will not be reliable for geological conditions found in New 
England. 

In making estimates of the yield of a group of driven wells, based on 
observations taken during an extended pumping test, correction should be 
applied for all rainfall during the test. 

Of the several factors which have distinct bearing upon the yield of a 
ground water supply, it should be recognized that some are bound to vary 
with the season of the year and some will even vary between the location of 
individual wells of a group. These factors include the porosity and size of 
the water-bearing material, the normal ground water level and the water 
temperature. 

A knowledge of the extreme fluctuations in normal ground water level 
throughout the year and throughout a cycle of dry and wet years is quite 
essential, but published records of these data are meager. From a few avail- 
able records of fluctuations in normal ground water level in New England it 
appears that a fluctuation of 3 to 5 ft. might readily be expected between 
high and low stages of ground water during the year. It is practically im- 
possible to tell what the variation in all pertinent factors will be for different 
locations and different seasons of the year; therefore estimates of yield 
always should be conservative and allow a liberal factor of safety. 
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Data to be Secured in Making Well Test. At the outset of a well test it is 
quite uncertain whether the test can be continued at desired pumping rates 
until a condition of ground water equilibrium is reached, and it is equally 
uncertain whether a severe rain storm will not be experienced which will 
materially alter if not spoil the results of the test. Furthermore, there is 
always the possibility of a breakdown during a test. In consequence of the 
various possibilities of interference with the satisfactory conduct of a test, 
sufficient observations should be taken during the test so that estimates of 
the safe yield of the well site may be made by any or all of the methods 
previously enumerated. 

In making a well test, data should be obtained as to the rate of pumping 
from the group of wells, the location of each well used for test and observa- 
tion purposes, the elevation of the ground water table before pumping 
commences as shown by the water level in the wells, fluctuations of the 
ground water table during the pumping test, draw-down of water level in 
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An average pumping rate of 10 g.p.m. per well from 12 wells was maintained 
continuously during the test. Rainfall during the test was negligible. 


the wells when a stage of ground water equilibrium is reached, rate of 
recovery of ground water table after pumping is stopped, useful depth of 
the wells, rainfall during the pumping test and any effect upon the flow 
of nearby streams due to the pumping test or to rainfall. 

All records of elevations of ground water level and other elevations 
pertaining to the well system should be referred to a common datum estab- 
lished in advance of commencing the test. Observation of ground water 
levels both in observation wells and pumping wells should be taken regu- 
larly several times each day during the test. 

A graphical record of some of the observations of ground water levels 
taken during a well test is shown in Figure 2, by reference to which it will 
be noted that the greatest draw-down of the ground water table took place 
in the pumping well, this well being located approximately at the center 
of effect of pumping on the group of wells. It also will be noted that the 
draw-down in water level measured in the observation wells decreased with 
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increased distance of the individual observation well from the center of 
effect of the pumping wells; this is typical of ground water draw-down dur- 
ing pumping. It will be noted that the duration of the test was carried 
practically to equilibrium of ground water level and that when pumping 
stopped the ground water level recovered rapidly, practically returning to 
the level prior to the commencement of the test, which indicates that the 
rate of pumping did not exceed the safe yield of the group of driven wells. 

It is indicated in the preceding pages that a curve showing diagram- 
matically the relation of draw-down to yield may be prepared from measure- 
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ments of ground water draw-down for several known rates of pumping and 
used to predict draw-down for other pumping rates. Such a curve is shown 
in Figure 3. The wells to which Figure 3 relates are dug wells rather than 
driven wells, but insofar as the relation of draw-down to yield are concerned 
the same general principles are applicable to each type of well. Figure 4 
also presents a draw-down curve, but this curve was calculated from em- 
pirical formulas using data obtained from observations taken for one rate 
of pumping from a group of driven wells. The curves shown both in Figure 3 
and Figure 4 indicate that draw-down varies approximately in proportion 
to the rate of pumping. 
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Steps in Developing a System of Shallow Driven Wells. When proceeding 
to develop a ground water supply by shallow driven wells, it is essential as 
in the case of any water supply to estimate the maximum daily draft of 
water which the supply must furnish, in order to approximate both the 
extent of watershed area which should be tributary to the driven well 
system and the number of wells needed. The safe yield of a watershed and 
the necessary number of wells can be accurately ascertained only from an 
actual test of wells driven within the watershed, but for a rough estimate of 
the watershed area needed the rate of yield per square mile of drainage area 


Normal Ground Warer Leve/z 





(IN fee7) 
S&S 

8 
ry 

8 





® 
Ss 





an 


an 


600,000 420Q000 
GALLONS PER Quy 
200 400 600 300 
GALLONS PER MINUTE 
PUMPING RATES 





N 

Ss 
N 
8 




















& 
8 
AVERAGE GROUND WATER ELEVATION 
INSIDE PuraPiINne Wetes 


& 
nN 
8 
0) 
$ 
: 
§ 


8 





8 
.) 


400,000 


- 





Note. 
flevations cefer 7o Mear Sea Level, 
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Formula: Q = 1021 — 1.395h? 


= g.p.m. 
h = 27 ft. (useful depth of well) 
minus drawdown in ft. 


may be estimated, and it may be assumed that each well can safely be 
pumped at a rate of about 10 g.p.m. 

From a study of the topographic maps of the United States Geological 
Survey, possible well sites with sufficient tributary watershed area may be 
selected, and by making a field reconnaissance of such possible sites, the 
site where surface indications are most favorable for a driven well system 
may be chosen. To be favorable for a driven well system, sites should be 
suitable for installing a sufficient number of wells in logical arrangement and 
should indicate deposits of sand and gravel and the absence of excessive 
deposits of vegetable matter from which the water might derive a high 
content of iron or other unfavorable constituents. 
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After selecting a site or sites to investigate for installation of a perma- 
nent well system, a tentative layout of wells should be adopted which ap- 
pears to fit the site according to surface indications. The test wells should 
be driven in such sequence that each will furnish information as to the 
suitability of the site. The first well driven may properly be located near 
the center of the tentative well layout, and the second and third wells should 
be driven at opposite extremities of the layout. If the wells at the extrem- 
ities are successful, intermediate wells about midway between the central 
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and extreme wells should be driven, and if they, too, are successful, it may 
be assumed that the well layout can be installed approximately as planned. 
If any of the wells are unsuccessful they may be of value as observation 
wells and if so should not be withdrawn until the pumping test has been 
conducted. If the initial wells do not prove to be successful and it still is 
desirable to use the site, a new tentative layout of wells to fit the site should 
be made and additional exploration wells driven. 

The layout of a driven well system as finally accomplished often will 
differ materially from the initial tentative layout made before the wells were 
driven. Figure 5 shows the relative arrangement of the tentative layout of 
a driven well system as compared with the layout of the wells finally 
installed. 
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As an individual test well is developed into a satisfactory well, it should 
be thoroughly pumped until the water is acceptably clear, and samples of 
the water from representative wells should be analyzed for chemical char- 
acter. If the water shows an unfavorable content of constituents such as 
iron, manganese, carbon-dioxide and pH, it may be advisable to test a new 
well site, and it certainly will be advisable to compare the cost of an alter- 
nate well site, even though less favorably located, with the cost of a water 
treatment plant. 

Test wells should be made up of genuine wrought-iron pipe or of 
material equally durable, and each joint of the well pipe should be tightly 
made. Red lead may be used to coat the pipe threads at the joints. The 
assembly of the test wells should be such as to produce an air tight well, 
because the test wells, if successful, should be made a part of the permanent 
well system, and all joints of the permanent well system should be made 
air tight. 

During the driving of test wells, careful records should be made of the 
materials encountered and the depth of reaching freely circulating ground 
water. These observations should be preserved together with a record and 
samples of the material. Elevations of each point of change in stratum, 
referred to a common datum, should be recorded together with the eleva- 
tions of the bottoms of the well pipes and of the upper perforations or holes 
in them. 

Development of an individual driven well relates to the removal of the 
finer particles of the materials adjacent to the well pipe from their natural 
location by pumping them out through the coarser adjoining materials and 
discharging them through the well. A properly developed well is one in 
which the larger materials only are left immediately adjacent to the well 
and in which the surrounding material is graded by the pumping process 
so that the finer materials are all at greater distance from the well pipe. 
This process of developing a well by pumping out the finer materials which 
immediately surround it and grading the remaining material produces rela- 
tively large voids immediately adjacent to the well and progressively smaller 
voids as their distance from the well becomes greater. 

By this arrangement of voids the total void area through which the 
water must pass in approaching a well is far more constant than in the 
natural arrangement of the material, and a more uniform velocity of flow 
toward the well is accomplished, resulting in a less abrupt draw-down of 
ground water surface near the well and a safer “working depth” of well. 

In developing a well, the use of a diaphragm pump or pump of this 
general type which produces a surging action when operated is far more 
beneficial than the use of a centrifugal pump which draws the water from 
the well with a more regular flow. The surging action tends to loosen and 
dislodge the smaller particles of material from the larger particles and by 
so doing increases the void capacity in the vicinity of the well. Wherever 
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possible the development of a surrounding strainer of natural material is to 
be preferred to the use of an artificial well screen. 

It is important to have accurate measurements of the lowering of the 
water level in a pumping well during a well test. Such measurements may 
be obtained by attaching a vacuum gage to the top of a well, or where 
records of the water level in a number of pumping wells are desired it may 
be more economical to insert in the wells a small observation pipe carried 
nearly to the bottom of the well and sealed from the well pipe so that the 
top of the observation pipe may be left open for measuring purposes without 
interference with the suction within the well pipe itself. Such an arrange- 
ment is indicated in Figure 1. 

For the pumping test of a group of wells, the pipe connecting each test 
well with the suction main should be provided with a gate valve, so that 
each individual test well may be shut off from the well system if desired and 
in order that the rate of draft of water from each well and the resulting 
draw-down of water level in each well may be closely regulated. It is desira- 
ble that the draw-down in all wells be kept practically uniform as a precau- 
tion against an excessive rate of draft from wells located nearest the pump 
and consequent damage to the natural strainer developed in the material 
immediately surrounding the well pipe. 

All temporary suction piping set up for testing should slope upward 
from each pumping well to a sand chamber adjacent to the pumping equip- 
ment. By this arrangement, any air which may find its way into the wells 
or suction piping will be exhausted from the mains rather than pocketed to 
become a hindrance to pumping. Any material drawn from the wells during 
pumping will be collected in the sand chamber and retained there rather 
than entering the pumps and damaging them. Suction mains for the pump- 
ing test generally may be placed above ground. 

For temporary pumping test facilities, either a displacement pump or a 
centrifugal pump is satisfactory, and thé most popular sources of power 
for operating test pumps at the present time are either gasoline engines or 
electric motors. An electric motor is apt to be more reliable and requires 
less attention than a gasoline engine. No doubt the simplest and most 
reliable test pumping equipment is an electric motor driven centrifugal 
pump. 

The water pumped from the wells should be discharged through a de- 
vice for accurately measuring the rate of pumping, and for this purpose the 
use of a weir box will give very satisfactory results. Special precautions 
should be taken that the water discharged from test pumps shall not find 
its way back to the vicinity of the wells but shall be discharged at a point 
where it will escape readily without affecting the ground water table at the 
well site. 

If estimates of the safe yield of a well site based on a well test show that 
an adequate supply of water can be secured, additional wells should be 
driven which, together with the test wells, will constitute a permanent 
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driven well system. The test wells should have been so located that there 
will be an opportunity for driving the additional wells within the area 
explored by the test wells and adjacent to them. The proper well spacing 
will have been indicated in driving the test wells and by the results of the 
well test. Generally the wells should be spaced at least 25 ft. apart, and a 
spacing as great as 40 ft. or more may be found advisable. By placing the 
wells at the corners of equilateral triangles whose sides are the length adopted 
for the well spacing, the most intensive development of a well site may be 
accomplished. 

Each permanent well should be joined to a system of permanent under- 
ground suction piping by installing a long-sweep tee in the well pipe at the 
proper elevation and connecting the horizontal run of the tee to the suction 
pipe by means of a well-connection pipe of the same diameter as the well. 
Each well-connection pipe should be provided with a flexible gooseneck of 
heavy lead pipe or copper tubing and a gate valve. A gooseneck is essential 
to give flexibility in the well-connection pipe and allow for any movement 
of the well. A gate valve is important to permit the rate of draft from the 
well to be regulated and permit the well to be shut off from the system for 
testing and for cleaning in case it becomes clogged. 

The permanent suction piping and well connections should be designed 
for low friction losses and laid carefully with air-tight joints, the piping 
sloping upward continuously from each well to the pumps. The suction 
main and any branch suction pipes leading from the main should be pro- 
vided with gates, so that if a stretch of suction pipe develops leaks or other 
trouble it can be isolated for repair without placing the entire system of 
suction pipes and wells out of service. All gate valves installed should be 
air tested at the factory and the valves on well connection pipes should not 
be opened until after they have been installed and the entire suction main 
system has been tested for tightness. The suction main should be made 
practically air tight and should be tested for tightness by air under pressure 
of about 25 to 50 Ib. per sq. in. A leakage of about 1% to 1 lb. per linear foot 
of pipe joint per day should be acceptable. After suction mains have been 
tested, the portions of the well connections which lie beyond the well-con- 
nection valves and also the wells themselves may be tested for leakage under 
a lesser air pressure by building up enough air pressure in the well system 
to force the water level in the wells nearly down to the upper perforations 
of the well pipes. This test may involve a pressure of about 8 to 20 lb. per 
sq. in., depending on the depth of well and ground water level. 

A permanent sand chamber should be installed in the suction main so 
that the water drawn from all wells will pass through the sand chamber 
before entering the pumps and the reduced velocity of flow through the 
sand chamber will cause sand and other material drawn from the wells to be 
retained in the chamber instead of entering the pumps and damaging them 
by scoring pump cylinders or wearing impellers and cases. 
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When the system of permanent wells, suction piping and appurtenances 
has been completely installed and tested for tightness, the entire installation 
should be subjected to pumping for a sufficient period to insure that all 
features are properly adjusted. The opening of well-connection valves 
should be set to produce a practically equal draw-down in each well. Meas- 
urements should be made in each well of the depth of core which has formed 
in the well, and if the core is such as to impede the yield of the well it should 
be removed and if necessary a strainer installed. 

The entire work of installing the test wells, making the well test, in- 
stalling the additional wells and all suction piping and appurtenances should 
be entrusted to one contractor or one individual thoroughly experienced in 
work of this nature in order that responsibility for results shall not be 
divided and that the best possible results may be secured. The services and 
practical knowledge of an experienced well driver are invaluable throughout 
the entire procedure of developing a driven well system, and if employed 
in conjunction with the services of a technically trained man to lay out the 
well system, supervise the testing and interpret the results of the tests, the 
most satisfactory results ought to be secured. 





HOWARD. 


DETERMINING 
THE YIELD AND QUALITY OF WATER 
FROM TUBULAR WELLS 
BY MEANS OF THE WELL RATER AND SAMPLER. 


BY PAUL F. HOWARD.* 
[Read September 19, 1935] 


It is oftentimes desired and of importance to ascertain the quantity and 
quality of water yielded by an individual driven well connected to other 
wells of a water system. Experience has shown that analyses of samples 
of water taken from individual wells by means of a hand pitcher pump give 
false and meaningless results especially in relation to the iron content. 
Likewise the yield of an individual well by means of a hand pump furnishes 
but little if any information as to the yield of the individual well when 
ganged together into a common system. 

Whitman & Howard were engaged, some two years ago, to investigate 
a water supply of the city of Attleboro, Mass. from about 90 driven wells. 
During the course of the work, it became desirable to determine the yield 
of each individual well and the iron content of the water from each indi- 
vidual well under normal operating conditions. This was done by a device 
which we have called a ‘“‘well rater and sampler’ (Figure 1). The device 
was connected to the top of the well by a 2)4-in. wrought-iron pipe about 
21% ft. long. At this point a 114-in. centrifugal pump was connected by the 
proper fittings and discharged through a 2-in. pipe. On the suction pipe a 
hand pump was attached to prime the pump. A 2-in. orifice flow meter was 
inserted in the discharge line, and by means of a manometer the rate of 
flow was determined. The amount of the draw-down of the well when 
connected to the well field was determined by means of a mercury U-tube 
connected to a small tube attached to the well cap, the tube extending into 
the well to a depth sufficiently great so that the end was at all times below 
the level of the water outside of the well. Before the well rater and sampler 
was connected to the well, the permanently installed valve on the suction 
line was closed. After the device was connected, this valve was opened and 
the well was observed under actual working conditions, 7.e. while it was 
being pumped: along with the other wells by the large pump in the pumping 
station, the draw-down being observed by the manometer connected to the 
tube in the well. Again the permanently installed valve was closed and the 
centrifugal pump started. The quantity pumped was controlled by a valve 
on the discharge line. As the discharge increased the draw-down increased, 
producing a deflection on the manometer. When the manometer reading 


*Of Whitman and Howard, Civil Engineers, Boston, Mass. 
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was the same as under actual working conditions, as just described, the 
yield of the well was the same. The quantity being pumped was determined 
by observing the deflection of the flow manometer. The results represented 
the actual amount of water that the well was contributing to the field as a 
whole. Samples of water for analyses were taken at the point of discharge, 
By careful operation of the valve at the discharge end of the pipe, the yield 
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of the well was brought gradually up to the original yield thus avoiding 
higher velocities than usual or ordinary in the pipe well. Any excess ve- 
locities would, of course, free scale, rust and other matter and give false 
samples. The flow manometer in this particular instance was connected 
to the 2-in. orifice flow meter. The liquid used to determine the differential 
pressure can be of any specific gravity desired depending upon the rate of 
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flow to be measured. The most common is mercury for high flows and 
carbon tetrachloride, specific gravity 1.60, for low flows. 

One side of the mercury U-tube was connected to the tube in the well 
and filled with water from the surface of the mercury to the water level in 
the well, care being taken to remove all air. The other side of the U-tube 
was left open to the atmosphere. 

The following specific example will serve as an illustration. After the 
well rater and sampler had been properly set up and connected to a well, 
the mercury U-tube was connected to the tube in the well. There was an 
initial deflection of mercury of 3 in. which represented a water column of 
401% in., the distance from the water table to the mercury surface of the 
U-tube. After an equilibrium had been reached the well was connected to 
the field and the mercury in the U-tube deflected an additional amount 
corresponding in general to the distance the water table dropped outside 
of the well and specifically to the drop in pressure in the well. In this case 
the total deflection was 414 in., or a difference in deflection of 114 in., which 
equals 17 in. of water or the draw-down of the well. The well was then 
shut off from the other wells and the small pump started. The discharge 
valve on the pump was then opened slowly increasing the yield of the well 
until the draw-down deflection of mercury showed 4144 in. After this point 
was reached, the flow manometer was observed to have a deflection of 15 in. 
of mercury, which on this meter represented a flow of 20.1 g.p.m. 

The yield of the various wells in relation to the draw-down was plotted 
on arithmetic paper, and the yield of each well was found to be directly 
proportional to its draw-down. The yield of the various wells varied from 
1 to 25 g.p.m. and the draw-down varied from 544 to 26 in. 

This device has been made use of in installing new driven well fields. 
By its use we have been able to predict reasonably well the draw-down or 
vacuum to be expected in a system of driven wells and to eliminate wells 
which have a low yield in relation to the drawdown. Also with open-end 
wells, it has been possible to determine at what yield a well will throw sand 
and thus to prevent the filling up of wells by sand. 
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The importance of ground water in water supply is difficult to evaluate 
because most installations are small and, being relatively permanent, become 
such intimate parts of the cultural landscape as to escape notice. Mr. 
Kingsburyf has, however, given us interesting estimates of the large part 
of the population dependent on wells and springs. At present there are two 
tendencies one decreasing and the other increasing the use of ground water. 
Urbanization which has been going on steadily in New England since 1840 
leads to pollution and abandonment of wells and springs in and near the 
cities and to the installation of public supplies mostly derived from surface 
waters. On the other hand increasing facilities for rapid and individual 
transportation by automobile are extending the suburbs of all cities. This 
diffusion of the population, 20 to 50 miles from the center of cities puts an 
unbearable burden on the central supply system. Each house, therefore, 
acquires a water supply independent of others and thus there is a constantly 
increasing number of wells in the suburban zones. Smaller villages near 
large centers are growing and require public supplies. As many of these 
localities are more or less surrounded by lands held by larger communities, 
they turn to ground water. 

Two General Sources of Ground Water. In New England the generally 
hard and crystalline bed rock is covered by a thin but irregular mantle of 
glacial deposits. Small supplies adequate for single houses may be obtained 
from wells drilled into the rock. Larger supplies, must, however, be obtained 
from the water-laid portions, sand and gravel, of the glacial drift. 

The drilled well extending down into the bed rock has numerous ad- 
vantages from a sanitary standpoint. Pumped by a modern installation toa 
pressure tank with automatic control, it is ideal for the isolated household. 
The yield is generally small, as the well draws only from the open cracks or 
joints of the rock. These cracks are fairly numerous and open near the 
surface but decrease in number and in their openness downward. Generally 
the number of joints is so small below 250 ft. that it is inadvisable to drill 
below that depth. There are, however, exceptions to this rule and there are 
a few wells of considerable depth and of large yield. Yet deep drilling in the 
crystalline rocks of New England cannot be advised. 

For larger supplies the stratified drifts or sand and gravel deposits left 
by the retreat of the glaciers are our principal dependence. These deposits 


*Associate Professor of Physiography, Harvard University, Cambridge, Mass. 
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absorb water readily from rain and snow and yield water readily to wells. 
So far as their internal composition is concerned, they are ideal ground 
water reservoirs. However, the topography of New England is such that 
these deposits are generally confined to narrow stringers along valley 
bottoms and consequently have relatively small volume and no great conti- 
nuity. Each body of sand and gravel acts as a more or lessindependent 
ground water reservoir whose hydrologic characteristics must be inde- 
pendently determined. Thus there is put on engineers and geologists a 
considerable burden. It is impossible to generalize too widely. Because one 
town has obtained satisfactory quantities from a bed of sand and gravel, 
it does not follow that a town four or five miles away will be equally fortu- 
nate. Each will draw from a different body having unlike opportunity to 
obtain water, unlike capacity for storage and unlike characteristics in yield. 

The routine mapping of sand and gravel deposits, some of which are 
adequate reservoirs of ground water has been recently completed for Maine* 
and Connecticut.* 

Here are set forth in a general way the distribution of stratified drift, 
sand, gravel and clay so that the important ground water reservoirs can be 
readily found. I do not wish to imply that more detailed maps such as 
have been prepared for parts of Connecticut are not advantageous. t+ Never- 
theless these generalized maps enable us to visualize the conditions found 
generally in New England. The sand and gravel deposits usually occur in 
the valleys and widen and thicken toward the sea coast. Thus one of our 
larger areas lies in southeastern Massachusetts and in Rhode Island. 

Need for Further Investigations. Our knowledge of the bodies of sand 
and gravel in New England is gained by inspection in the field and by 
actual tests with wells. In developed or partly developed areas, such as the 
well-fields of some of our cities, the knowledge gained is detailed and precise. 
But this knowledge has been obtained by costly trial and error and is not 
directly applicable to other bodies of sand and gravel. It is obvious that 
more detailed geologic study of these ground-water reservoirs should be 
made. There should exist a clearcut well-defined geologic history of each 
locality in which the origin of each ground-water reservoir is clearly set forth. 

It is my purpose to outline the general theory of the formation of sand 
and gravel bodies in New England and to point out the bearing of some new 
ideas regarding the glacial history on the distribution and character of 
these bodies. 

Sand and Gravel Formed asa Result of Glaciation. The great ice-caps of 
the Pleistocene covered North America four successive times. In general 
the ice-covered area includes all of the United States north of the Ohio River 
and east of the Missouri River. This great area is the most densely settled 
and most prosperous part of the country in which more than 70 per cent. 





Bull re N. W. and Perkins, E. H.; Glacial Geology of Maine, vol. II, Maine Techno}. Exper. Station 
ull, 30, 1935. 
Flint, F. R.; Glacial Geology of Connecticut: Conn. Geol. and Nat. Hist. Survey Bull. 47, 1930. 
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of the Federal Revenue arises. Thus the story of those ice sheets is of intense 
interest from many economic viewpoints. 

Each ice sheet scraped the rocks on which it lay producing large quan- 
tities of débris which were dumped at its edge as unsorted masses of till or 
boulder clay or left when the ice sheet melted as a thin veneer of till — the 
so-called ground moraine. But the ice melted each summer and streams of 
water issuing from the ice carried out large quantities of this débris which 
were laid down as the stratified drift. Various types of this stratified drift 
occur. Outwash plains were built in front of the ice, kames on the border, 
eskers under the ice or at least within cracks in the ice. Fine clays and silts 
were also deposited in lakes and terraces of gravel formed as beaches by 
lakes and seas. 

Now the till and stratified drift of a single ice sheet were deposited in a 
more or less single episode. The ice sheet began to form in Canada and 
extended southward each year until it reached its maximum size. The sand 
and gravel laid down in front of it generally were destroyed by its advance. 
After remaining at its maximum extent the ice retreated either slowly or in 
stages and during this process the stratified drift was preserved. However, 
all the materials were deposited in a comparatively short time. 

The four great glaciations were, however, separated by long intervals 
during which the region enjoyed a climate milder than that of the present. 
The deposits of the older ice sheets were thus weathered much more than 
later ice sheets. We have therefore a criterion, although not an infallible 
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Showing position of supposed moraines and two positions of 
the Wisconsin ice according to the classical view point. 
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one, for distinguishing materials deposited by early ice sheets from later 
ice sheets. 

Glacial Theory in New England. The older group of geologists held that 
there was evidence of only one ice sheet in New England. The late J. B. 
Woodworth, however, held to the contrary and with some of his con- 
temporaries showed that evidence is found on Cape Cod and the neighboring 
islands for successive ice invasions. In Gay Head Cliffs for instance Wood- 
worth* shows that the soft Cretaceous and Tertiary beds are deformed by 
ice shove and that several sheets of till, gravel and marine clay attributable 
to the earlier ice sheets are also deformed. He arranges these beds into the 
following sequence: 





Deposits on Cape Cod and the Islands. Correlated Stages. 





Wisconsin deposits (of Woodworth) Wisconsin 


Vineyard interval of erosion (no deposition) Peorian (Retreatal stage) 
Towan 
Sangamon (Interglacial stage) 


(Hempstead gravel 
Manhasset formation; Montauk Till Illinoian 
(Herod gravel 


Jacob sand Transitional marine Yarmouth 
Gardiners clay (Interglacial stage) 


Moshup till 
Kansan 


Jameco formation; Coarse gravel 
Boulder bed 


Mannetto clay—till and gravel) 
Weyquosque += sand Nebraskan 
Dukes boulder be 


Aquinnah Conglomerate (non glacial) Pliocene 





The beds older than the Gardiners clay are much iron-stained and 
weathered. Even the Manhasset series above the Gardiners is yellowish- 
brown. We cannot doubt that here as in Long Island+ we deal with the 
record of successive ice invasions although there is much disagreement as 
to how many invasions there were. 

The Last Ice. Woodworth followed his predecessors in believing that 
the last ice or late Wisconsin ice rested on the islands and covered all New 
England. Here new studies lead to a divergent viewpoint. The whole area 
of the Cape and of Marthas Vineyard except for small areas to be later 
explained is blanketed with a layer from 2 to 5 ft. thick of loose uncon- 
solidated material which Woodworth believed to be the till of the last ice. 
However, this material contains wind-worn stones from top to bottom and 
must therefore have an origin under some set of conditions involving wind 

*Woodworth, J. B. ig Wigglesworth, E.; Geology of Cape Cod and vicinity, etc.: Harv. Coll. Musm. 
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work and not burial under glacial ice. It appears that it is a frost-heaved 
layer due to the intense frost action characteristic of the near presence of 
glacial ice. The wind-worn stones are to be attributed to the same cause. 
If these areas had no glacial ice in the very latest episode, where did the 
ice lie? One lobe lay outside the Cape, one in Cape Cod Bay and one further 
west. The western lobe is the most interesting. It followed down the great 
depression of the Connecticut Valley and near the present shore spread out 
to join the next western lobe of the Hudson Valley. These ice lobes com- 
bined to form a great sheet that covered Long Island Sound. The southern 
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Showing position of the lobes and the limit of Wisconsin ice 
according to the new theory. 
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edge lay on the northern edge of the Island and on Fisher’s Island. It 
extended along the south shore of Rhode Island from Harbor Hill to 
Narragansett Pier. 

In this eastern portion there was a definite sub-lobe with an easterly 
direction of flow. Its border fluctuated rapidly but extended as far east as 
Mattapoisett. The northern border of this sub-lobe has not yet been well- 
traced but it extended northwest from Providence and thence westward. 

Relation of Glacial History to Weathering. This episode of glacial history, 
however spectacular, involving the assumption of a block of ice not less than 
1 000 ft. thick over this spot some 25 to 30 thousand years ago would, off- 
hand appear to have no immediate bearing on water supply. However, the 
deposits of this last ice have been subjected to weathering only a short time. 
They are relatively fresh and almost free of iron oxide. 

The glacial deposits of the great highland of eastern Massachusetts and 
of the region near Boston are generally weathered and iron stained. Here is 
involved the question of iron in well-waters. I have plotted on the map all 
town supplies in Massachusetts derived from ground-water with an iron 
content of more than 0.19 p.p.m. I have also inserted the town supplies 
derived from surface waters having a similar content of iron. For Rhode 
Island I have used available data. 

This system of using the available analyses and applying the results 
to the areas of whole towns gives only a rough approximation to the dis- 
tribution of well waters that contain iron in sufficient quantity to be objec- 
tional for domestic use. Essex County, Massachusetts, is outstanding in 
the high iron content of its well waters and surface supplies. This condition 
is attributable to the high iron content of its bedrock and the relatively 
intense weathering to which the bedrock and its overlying glacial drift have 
been subjected. Similarly the highland west of Boston from the Rhode 
Island-Connecticut line north into New Hampshire is an area of compact 
and rusty till and of limonitic gravel. Well waters are strongly iron bearing. 
Such conditions are to be expected from the glacial theory set forth above. 
These areas have been continuously subject to weathering over a long period 
including at the least the Late Wisconsin and post-glacial time. 

Within the area of the late ice, that is, in the Connecticut Valley and 
in Rhode Island the glacial drift is fresh and little weathered. Well waters 
with low iron content should be expected. In a broad way this conclusion 
is supported by plotting the available data but there are numerous excep- 
tions. Wells with relatively high content of iron occur within the area of 
the new drift although the till above the bed rock is fresh and unweathered. 
Here the iron appears to be drawn from weathered bed rock below the fresh 
till. The largest area of this type lies within the Providence Sublobe in 
western Rhode Island. Here the massive Sterling granite gneiss although 
disintegrated and iron stained along joints appears to have resisted erosion 
by the late ice. Wells drilled into the rock in this area have a considerable 
iron content. The correlation between iron-bearing well water and the 
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areas of older drift is thus not perfect, but the available data are also 
inadequate and not collected with this possible correlation in mind. 

I have given you a brief account of the new theory of our glacial history 
and have attempted one correlation — a not wholly satisfactory one — with 
the practical problem of our ground-water supply. As this theory is per- 
fected and our glacial deposits mapped in more detail, further correlations 
will be made. Some of them will, I feel sure, be of large practical importance. 





OCCURRENCE OF IRON IN GROUND WATER 
AND EARLY EXPERIMENTS UPON REMOVAL. 


BY H. W. CLARK.* 
[Read September 19, 1936.] 


Somewhat more than forty years ago the writer began to study the 
ground water supplies of Massachusetts, to investigate the amount of iron 
in some of these supplies, the cause of its presence in them and methods of 
treatment necessary for its removal. The results of this early work were 
published in an article in the Massachusetts State Board of Health’s annual 
report for 1899, — that is, thirty-six years ago. The article was entitled 
“The Occurrence of Iron in Ground Waters and Experiments upon Methods 
of Removal.” This was, I believe, some of the pioneer work in this country 
on this subject. In the beginning of that article I stated that of the forty 
or more public ground water supplies of the state that I studied not one was 
entirely free from iron at all times but only a few contained iron in a suffi- 
cient amount to be objectionable. I also stated that ‘The reason some of our 
potable ground waters contain considerable iron is quite well known but 
it may be stated again as follows. As rain water percolates through the 
ground it comes in contact in many places with organic matter to such an 
extent that in certain cases the dissolved oxygen with which it is saturated 
when reaching the ground is exhausted in oxidizing this organic matter. 
Carbonic acid takes its place and a considerable amount of organic matter 
is also taken into solution. Nearly all soils, sands and gravels contain iron 
in combination with silica and other mineral substances. Pure water has 
but little effect on this combined iron. Water as just described, however, 
containing organic matter in solution with free carbonic acid and no free 
oxygen often exerts a decided action on many soils and rocks whereby iron 
and other basic oxides are dissolved as carbonates, bicarbonates, etc. This 
occurs as the organic matter in solution in the water has a greater affinity 
for the oxygen of the iron oxides than does the iron itself, hence these oxides 
are changed from an insoluble to a soluble form. The ferrous bicarbonate 
upon aération of the water or exposure to the air changes to ferric hydrate 
and precipitates. If the iron in the water, however, is caused by iron pyrites 
and probably certain other bodies, it will occur in the form of ferrous sul- 
phate and the hydrate will precipitate much more slowly. This change and 
the taking into solution of any considerable amount of iron probably takes 
place where there is an entire absence of oxygen. It does not necessarily . 
follow, however, that ground water containing considerable iron drawn or 
pumped from wells or filter galleries must show an entire absence of free 
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or dissolved oxygen as some of the water may come through different soil 
strata than other portions or may have been of a purer character originally 
and hence free oxygen has not become exhausted during filtration through 
the ground.” 

Now if water is pumped from the ground at a reasonable rate, water 
may be obtained for many years from most of our well fields almost free 
from iron, but if pumped too rapidly a troublesome amount of iron may be 
taken into solution due probably to several causes. In the first place it 
must come more rapidly through the ground and from greater distances, 
In doing this there is opportunity for more organic matter to be taken into 
solution and hence reduction of more iron oxides and the taking of this iron 
into solution. There is also in many cases an objectionable accumulation 
of fine iron-bearing particles around each well from which iron goes into 
solution, and of course other reasons might be cited. 

As previously stated, of the forty or more ground waters examined 
at that time — forty years ago — only a few contained iron in sufficient 
amounts to be objectionable and cause a nuisance in the water supply. The 
objectionable waters were the then Provincetown, Reading, Marblehead, 
Watertown and Lowell supplies. I also found in the course of aération, 
filtration and other experiments and so stated that iron was removed with 
more or less difficulty from water containing a considerable amount of 
organic matter but that the iron in the waters of Marblehead and Lowell 
and Watertown was easily and practically completely removed by aération 
and filtration through sand even at very high rates. The two supplies at 
that time from which iron could be removed with difficulty were those of 
Provincetown and Reading. I tried various ways of removing the iron from 
the Provincetown water; by aération and sand filtration, coke contact and 
sand filtration, iron contact and sand filtration and also as I stated in that 
article passing the water through a filter or tower of coarse coke for aération 
and partial removal of iron followed by sand filtration, as was quite common 
abroad at that time and is now in this country. However, this method did 
not seem to work with the Provincetown water of that day, but iron contact 
and filtration was quite successful as this method caused the addition of 
enough iron to the water to cause precipitation. I also tried, and success- 
fully, the removal of iron from the Provincetown water by oxidation with 
potassium permanganate and filtration. That famous chemist of years ago, 
Prof. W. R. Nichols, in his book upon Water Supply, published in 1883 first 
mentioned the use of potassium permanganate as an agent for the oxidation 
of organic matter present in water, but the use of this chemical as an oxidiz- 
ing agent in the removal of iron from waters was at that time, I believe, a new 
thing. As I just,stated it was successful and the amount of permanganate 
used was 75 lbs. per m.g. of water. Various investigations were made with 
the use of lime and other chemicals with Reading and other waters which 
were more or less successful and are all described in the Article of 36 years 


ago. 
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SOME PROBLEMS OF 
DEFERRIZATION AND DEMANGANIZATION. 


BY ROBERT SPURR WESTON.* 
[Read September 9, 1935.] 


The methods for removing iron, manganese and carbon dioxide in 
ground water are various. Superficially one has only to replace carbon diox- 
ide or other acid, which holds iron or manganese in solution, with oxygen, 
which changes the soluble salts of the troublesome metals to insoluble 
hydroxides, coagulate these hydroxides, and then settle or filter them out 
of the water. In principle this is easy, in practice sometimes exceedingly 
difficult. 

The easiest cases for the removal of iron are hard waters moderately 
high in mineral matter and free from material amounts of organic matter 
and manganese. The hardest cases are those soft waters which contain 
little mineral matter, considerable organic matter and in which the ratio of 
manganese to iron is such that one interferes with the removal of the other. 
Difficulty also arises where the metals are in the form of sulphates. 

The first class of water may be readily purified by simple aération, 
followed in turn by a short period of storage and filtration through slow or 
rapid sand-filters. 

Aération may be accomplished by nozzles (low or high head), perforated 
pans, superimposed trays filled with coke, cascades, compressed air or 
mechanical agitators. Generally, spray nozzles or superimposed trays filled 
with coke are most effective, although mechanical agitators like those used 
in the activated sludge process of sewage treatment have not yet been tried 
out sufficiently to rate them properly. However, aération, which is in effect 
the washing out of the free carbon dioxide with air, while easily accom- 
plished, is not always all that is required for the removal of iron or man- 
ganese. The oxidation of the bicarbonates and sulphates and the floccula- 
tion of these troublesome elements must follow. Otherwise without floccu- 
lation the oxidized particles will be too fine to settle out in basins or be 
retained by filter sand. 

The oxidation of the iron or manganese carbonate sets free carbon 
dioxide ;.the oxidation of iron or manganese sulphate, sulphuric acid, which 
in turn reacts with the alkali in the water setting free carbon dioxide in turn. 
For good results with certain waters this secondary carbon dioxide must be 
removed. This fact explains why contact aérators, which prolong aération, 
are so effective. Dunbar of Hamburg, and others, have shown that the 
precipitated iron and manganese absorb oxygen during periods of rest and 
release it during periods of operation. 
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Large amounts of iron or manganese coagulate more readily than small. 
This is because of the larger mass precipitated in waters rich in these metals, 
increasing what chemists call mass action and surface absorption, in other 
words, the attraction of the smaller particles by the larger. To secure arti- 
ficially the effect of this mass action in waters containing a small amount of 
iron or manganese, various devices like tricklers or contact-aérators, — 
filled with coke, stone or concrete blocks, special brick, crushed stone, 
excelsior or other material providing large contact surfaces, — are used. 
Water is sprayed or otherwise distributed over the accumulated hydroxides 
of iron or manganese deposited on the filling of the aérator. The effect is to 
collect the dispersed particles of hydroxides on the surface of the mass of 
hydroxide, deposited on the medium of the contact aérator during previous 
periods of service. After a time the accumulation, which has now become 
more granular, sloughs off and is then removed from the water by subsid- 
ence and filtration. 

Engineers in Europe and, quite recently, Zappfe in this country have 
used Pyrolusite, a manganese ore containing 70 per cent. of dioxide as a con- 
tact (or catalytic) medium for removing manganese. Experiments lasting a 
relatively short time show this material to be more efficient than coke, stone 
or sand. The answer to the question whether or not it is permanently more 
efficient than stone or sand coated with manganic hydroxide and dioxide, 
previously removed from the water, is somewhat in doubt. 

Manganese, while belonging to the same group of elements as iron and 
oxidizing more rapidly, is not so easily removed from water. Apparently it 
does not coagulate or form flocs so readily. For certain waters, especially 
those high in manganese, contact aérators operating on the upward-flow 
principle are most effective, this because the time of contact is prolonged. 
However, upward flow is not advisable unless the water is first aérated 
adequately or if accumulations of organic matter in the contact aérators 
would rob the water of its oxygen. Contact aérators of this type are apt to 
unload periodically. They are more easily cleaned than downward flow 
aérators. 

An important application of this principle, long used abroad, was at 
Long Beach, New York, by Malcolm Pirnie.* Others are at Stuart and 
Punta Gorda, Florida. It has been used for a water high in manganese and 
organic matter supplying an estate on Nonnamesset Island and for the 
water supply of Georgetown, Mass. 

Organic matter is a serious inhibitive factor in a water containing iron 
or manganese, probably because the particles or organic matter, as the ultra- 
microscope apparently shows, accumulate upon the highly dispersed par- 
ticles of iron or manganese and prevent their gathering into aggregates large 
enough to be removed by subsidence and filtration. Consequently they 
pass through the filters. 





* Water Works Practice, p. 249. 
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A good example of this was at Amesbury, Mass. Here water was taken 
from shallow wells along the Pow-wow River, aérated by the spray nozzles 
and then passed through a contact aérator or trickler containing 6 ft. of 
coke, to subsiding basins and high-lift pumps. This well water contained 
an average of 7 p.p.m. of iron and 0.4 p.p.m. of manganese which for several 
years were reduced to about 0.05 and 0.03 p.p.m. respectively. 

In the three months prior to August, 1934, the iron in the filtered water 
rose from 0.04 to 1.40 p.p.m. Something was wrong. When the river was 
high, the wells were surrounded with surface water and the color of the well 
water rose. Chemical analysis showed higher organic matter in the well 
water. It appeared that the colored surface water was leaking into the well 
system either through leaks in the piping or by passage from the surface 
to the water-bearing stratum and that organic matter in the surface water 
was preventing the coagulation of the iron and manganese. Complaints 
began, and prompt action had to be taken. Accordingly, chlorine in the 
form of H.T.H. was added to the well water to oxidize the organic matter 
in the well water before it could interfere with the coagulation of the metals. 
It worked. By September the iron in the delivered water had fallen to 
0.04 p.p.m. 

This year the same trouble has been repeated in kind although not in 
degree, and the same remedy has been used to effect the removal of the 
iron. Meanwhile the well system is being examined so that surface water 
may be excluded from the true ground water in the future. 

Not only chlorine but potassium permanganate may be used to oxidize 
interferring organic matter, but the best practice would seem to be to em- 
ploy aération and contact wherever possible, even going to the extent of 
returning the sediment from subsiding basins to the entering raw water, as 
precipitated chalk is returned from the basins of softening plants and as 
sludge is returned in the activated-sludge process for sewage. 

Many times, engineers overcome difficulties in the deferrization or 
demanganization processes by adding lime, soda or coagulating chemicals. 
When the dose of lime is large enough to raise the pH value to 8.4, practi- 
cally all of the iron and manganese will be removed without contact treat- 
ment and even with inefficient aération. On the other hand, it hardens the 
water and involves the cost of chemicals, so it is not often employed for 
soft waters. As part of the softening process, it is of course effective, and 
where waters contain large amounts if iron or manganese in the form of 
sulphates the added alkali neutralizes the acid released by oxidation. 

The addition of sulphate of alumina will help coagulate iron and 
manganese, oxidized but highly dispersed. Here again one adds a chemical 
of price and increases somewhat the burden on the filters. It, therefore, 
seems better when practicable to depend upon aération and contact. 

At Lowell, Mass., Superior, Wis., and Merrimack, N. H., it was found 
that partial aération prevented the interference of the organic matter with 
the coagulation of the iron and manganese. Apparently the residual carbon 
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dioxide prevented a combination between the organic matter and the dis- 
persed hydroxides. 

Carl Zapffe* in a scholarly historical paper mentions five periods in the 
development of the art of demanganization, namely, Bacteriological, 1836- 
1906, Inorganic Chemistry, 1906-1934, Physico-Chemistry, 1914-1922, 
Catalysis, 1922-1930, and Modern, since 1930. The latter period includes 
his experimental work at Brainerd, Minn., and the building of the Muni- 
cipal Plant there. He cites the part which the bacteria play in the formation 
of deposits in mains, also in filters and aérators, and shows that while 
manganese could be removed by contact and catalysis, the lessons as to 
conditions needed to be learned are in the bio-chemical book, most easily 
read in the geological depositions.| He showed, as Westont had stated, 
that the deposited, slowly forming, manganese dioxide is the active catalytic 
agent which removes manganous salts from solution in water after removal 
of carbon dioxide. 

In the Brainerd plant the raw water is forced upward through a con- 
siderable thickness of Pyrolusite,—evidently to provide an excess of dioxide 
in contact with the water, — and is then sprayed on to a contact aérator 
of coke. Here the manganous hydroxide is oxidized and coagulated to form 
stable manganic compounds, the water having a pH value of 7.2 to 7.3. 
In this plant the efficiency of pretreatment is shown by the removal of 
80 per cent. of the iron and manganese. The filters remove the remainder. 

This practice rests upon the firm foundation of the experiments of 
Tillmans, Hirsch and Grohman,§ who found surface area to be the dominant 
requirement; that the oxygen requirement was easily met and that one can 
substitute, by treatment with alkali, a higher pH value for sufficient oxygen, 
or reach the same end by keeping the carbon dioxide low. It was also found 
thatin the Brainerd water** manganese did not interfere with iron removal, 
but that iron oxide by occluding the contact surfaces interfered with the 
removal of manganese. ' 

The efficiency of contact for manganese removal is illustrated by the 
experience at Leipzig{t where 20 per cent. of used sand comprises the make- 
up of the filter layer and care is taken not to scrape the sand too deeply 
when cleaning filters, lest the essential manganic compounds be removed 
with the scraped sand. 

In the above connection one realizes that the formation of Pyrolusite 
in nature, so efficient at Brainerd and elsewhere, is but the final stage of 
which the accumulation of manganic compounds in contact aérators is the 
analagous beginning. Consequently, one must believe that a sufficient 
accumulation of freshly precipitated manganic compounds will do the work 

Fe History of Manganese in Water Supplies and Methods for its Removal. — J. A. W. W. Assn. 





+t Deposition of Mang; — Econ. Geol. 26, 8, 799-832 (1931). 
t¢ Manganese in Water, Its Occurrence and Removal.— J. A. W. W. Assn. 24, 1272 (1932). 
§ The Physical Chemistry of Demanganization of Drinking Water; Gas — und Wasserfach. I — 70: 
25, 1927; II — 71:21, 481-487, 1928; III — 71:22, 51-519, 1928. 
** Containing 1.2 p.p.m. of iron and 0.8 p.p.m. of manganese. 
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of the manganese ore provided a large enough surface is provided. Further- 
more, any bed of Pyrolusite may in time become coated with hydroxides 
deposited from the water when its effect will be that of the accumulation 
but not that of the ore itself, unless, perhaps adequate cleaning be practiced. 

At Lincoln, Nebraska, Erickson* reported the results of experiments 
by Baylis and described the plant designed by Black and Veatch. The 
experiments showed that contact filters containing Pyrolusite were effective 
in the beginning but, due to coatings on the mineral, lost their efficiency 
in less than 60 days. While the Pyrolusite could have its efficiency restored 
by acid treatment and cleaning, it was not superior to coke or gravel as a 
contact filter medium. The treatment finally adopted was aération with 
chlorination, followed by passage through upward-flow contact beds, a 
basin storing 2 hours flow, and rapid filters. Treatment was so effective 
that the filters could be operated at double the usual rates. 

Removal by Zeolite. Manganzeolite, which is sodium zeolite treated 
with manganous chloride, has been used successfully for removing man- 
ganese from water. This material is regenerated by treating it with potas- 
sium permanganate. Applebaumf states that the zeolite functions as an 
active carrier and catalytic reagent. For large supplies the cost of perman- 
ganate ($1.50 to $2.50 per million gallons) would be a factor. 

It is also possible to combine zeolite softening with deferrization and 
demanganization. Sometimes, however, iron or manganese in the water 
interferes with the performance of the zeolite. 

At South Orange, N. J., where zeolite softeners have been in use for 
several years, it was found necessary to aérate the water so that the small 
amount of iron might be changed from the soluble to the insoluble condition 
and removed from the surfaces of the zeolite particles by washing rather 
than enter the pores of the zeolite in solution, and there accumulate and 
lower its efficiency. 

At the plant of the Ohio Valley Water Co., below Pittsburgh, where 
Borromite, a natural zeolite, was used in pressure filters, manganese was 
removed without difficulty and without deterioration of the softening 
medium. Apparently the precipitated manganese hydroxide was easily 
washed from the zeolite, when the latter was regenerated. 

Closed Systems. Closed systems, or systems using pressure filters, have 
been in use for over 30 years. In these the filter material may be sand, 
Pyrolusite or one of the various proprietary materials. 

Because one part of oxygen is sufficient to oxidize seven parts of iron, 
elaborate aérators and contact devices would seem to be unnecessary, and 
indeed it is true that for some waters closed systems suffice. «Generally, 
however, additional aération, neutralization with alkali, or special catalytic 
filtering media, one or all, are demanded. These stipulations generally out- 
weigh the avoidance of double pumping, which is unnecessary with pressure 





*The new Iron and Manganese Removal Plant for Lincoln, Nebraska, Jour. A.W.W.A. 27 (1935) 337. 
tS. B. Applebaum, J. Ind. & Eng. Chem. 8, 160 (1916). 
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filters and which with lower construction cost in some cases seem to be their 
chief advantages. 

In a forthcoming paper in the Journal of the American Water Works 
Association, Dr. Frank E. Hale of the New York Department of Water 
Supply describes his successful method of removing ferrous carbonate from 
water by treatment with lime, in a closed system, and in the complete 
absence of oxygen. Naturally the dose of lime had to be sufficient as in 
the softening process to precipitate all of the iron as hydrate, and the 
treated water has a high pH value. Nevertheless, the method is ingenious 
and in the case described solved a problem where other methods could not 
be conveniently applied. 

Filters. Properly treated waters may be filtered through either slow 
or rapid filters; where chemicals are used, rapid filters are generally indi- 
cated. The choice between slow and rapid filters often depends upon size 
of plant, convenience for operation or location rather than upon qualitative 
efficiency. However, the slow filter is more dependable, especially for waters 
containing manganese, because greater opportunity is given for catalysis. 

The difference in cost between the two types is small. This is because 
rates of 8 m.g.d. per acre or more may be employed for slow filters. For 
example, — a cost of $175 000 per acre for slow filters would be equivalent 
to from $17 500 to $22 000 per m.g. or within range of the cost of rapid 
filters designed for a rate of 2 gal. per sq. ft. per minute (125 m.g.d. per acre). 
At higher rates, which are sometimes practicable, the rapid filter would 
naturally be less expensive. 


DaTA ON MASSACHUSETTS PLANTS AND OTHERS. 








Brookline, 


Middlebcro, 
Mass. 


Amesbury, | Georgetown, 
Mass. Mass. I _- 


Mass 


Marblehead, 
Mass. 





Date built 

Capacity —m g.d..................-000-- 
Spray aerators 

Number of nozzles..................... 


Detention period — hrs 
Filters 

Area, acres (total) 

Rate of filtration — m.g.d. per acre 
Filtered water basin: 

Capacity — gal 
Tron content of raw water — p.p.m......... 
Manganese content of raw water — p.p.m.... 
Tron content of effluent — p.p.m........... 





1913 
1.0 
1 


37 
Drilled caps 
1 


628 
10.0 
One bed 


1 
40 000 





1927 
1.5 
2 
90 
Drilled caps 
2 
1440 
3.0 
One bed 
2 





1935 
0.14 





1916 





1909 





* Partially completed. 
t Submerged upward flow. 
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Lowell, 
Mass. 


Reading, 
Mass. — 


Cohasset, 
Mass. 


Forbes Est. 


Naushon 


Island, Mass. 


Memphis, 
Tenn. 





Capacity —M.g.d.............. eee eee, 
Spray aerators 

Number of nozzles 

Type 


Subsiding mae 
Capacity — ga 
Detention period — hrs 
Filters 
Area — acres (total) 
Rate of filtration — m.g.d. per acre 
Filtered water basin: 
Capacity — gal 
Iron content of raw water — p.p.m........ 
Manganese content of raw water — p.p.m.... 
Iron content of effluent —p.p.m........... 


1915 


10.0 








Being built 
15 
2 
80 
Drilled caps 
2 


1280 
4.0 
One bed 
2 
67 000 
1.0 
2 


0.19 
8.0 


155 000 
0.5 
0.06 





1913 








1931 
0.017 
1 


None 
Cascade 
1 


18 
5 
tT 


None 


1924 
18.0 
None 

Perf’r’t’d pan 
40 








tSubmerged upward flow. 
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Wellsburg, 
W. Va. 


Priv. Plant, 
Griffin, 
Ga. 


Am. Glue Co., 
Peabody, 
Mass. 


Kokomo, 
Ind. 


Warrenton, 





Ee os vow cece vey eae 
— of nozzles 


Contact aerators 
Area — sq. ft 
Depth — ft. (total) 
Subsiding basins 
Capacity — gal 
Detention period — hrs 
Filters 

acres 
Rate of filtration — m.g.d. per acre, 
Chemical treatment 
Chemical 


ccs < Lars estab 4.4% 
Point of application 
Mixing basi 

Capacity — gal 

Detention period — min 
Filtered water basin: 

Capacity — gal 
{ron content of raw water —p.p.m......... 

ese content of raw water — p.p.m... . 

Iron content of effluent —p.p.m........... 


1931 


None 
Perf’r’t’d pipe 
2 


4 trays 
1 








1923 
1.0 
2 


66 
Drilled caps 
2 
594 
6 
One bed 
2 


46 000 
1.1 
4 
0.01 
100 
None 


None 


0.2 to 2.0 
0.2 


1923 
2.1 
1 
19 
Sacramento 
1 


707 
1 

One bed 
1 

66 000 
0.8 
4 
0.018 


115 
None 








1930 
3.0 
None 
re 

40 


5 trays 
1 


Mixing drain 
1 


2700 
- 21 


5200 
0.75 
0.15 
0.26 








* Pressure. 
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Rapid filters involve frequent attendance for washing, while slow 
filters will run without attention for comparatively long periods. This is to 
the advantage of slow filters in towns of moderate size, where a daily inspec- 
tion is all that can be given, especially to plants located well out of town, 
excepting when a filter bed needs scraping or raking. Then the labor force 
may be transferred to the deferrization plant and the job done. Rapid 
filters, when operating economically, must be washed whenever dirty, 
usually oftener than once a day, and at irregular intervals. 

Plants in Practice. In the accompanying table are collected various 
engineering data regarding deferrization and demanganization plants. The 
list is by no means complete, excepting possibly for New England, but it is 
believed that it illustrates the various types of plants in operation. 
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PROCEEDINGS. 
FEBRUARY MEETING. 
Hore. StTatTLeR, Boston, Mass. 
Thursday, February 20, 1936. 
President Roger W. Esty in the chair. 


Secretary Girrorp announced the election by the Executive Committee 
of the following: 

Members: Justus W. Patterson, Manager New England Division, 
Northeastern Water & Electric Service Corporation, Millbury, Mass.; 
Leonard Dominque, Foreman of Distribution and Maintenance, Water and 
Sewerage Commission, Marlboro, Mass.; Alexander J. Minkus, Laboratory 
Assistant, Slow Sand-Filtration Plant, Hartford, Conn. 

Associate: Turbine Equipment Co. of New England, Boston, Mass. 

ArTHUR D. Weston presented the following resolution. 


Wuereas there has been introduced into Congress certain legislation relative 
to the pollution of streams, namely, Senate Bill 3958 and Senate Bill 3959, which, if 
enacted, may interfere with state rights; and 

WueEreas Federal interference in the matter of stream pollution may adversely 
affect water supply developments; 

Be It Resotvep that the New ENGLAND WaTER Works ASSOCIATION, at its 
meeting held February 20, 1936, go on record as being opposed to any legislation placing 
the regulation of stream pollution under Federal authority, and that the New ENGLAND 
Water Works ASSOCIATION advise each New England senator and representative in 
the United States Congress to this effect, and also to the effect that the New ENGLanpD 
Water Works AssociaTION desires that Federal activities in matters of stream pollution 
be limited entirely to fact finding and coéperation with state authorities when officially 
requested. 


After discussion, this resolution was adopted. 

James J. Fitzgerald, Chairman of the Springfield Committee on 
Pensions, gave a talk on ‘Pending Pension Legislation in Massachusetts.” 
Brenton W. Vaughan, Henry V. Macksey, and Arthur C. King took part 
in the discussion. 

A paper, “B. Coli — What Are They and What Do They Signify,”’ was 
read by Gail P. Edwards, Laboratory Coérdinator, Massachusetts Depart- 
ment of Public Health, Boston, Mass. The paper was discussed by Linn H. 
Enslow. 

A paper, “Water Department Regulation of Water Pipes Within 
Buildings,” was read by Stephen H. Taylor, Superintendent, New Bedford 
Water Works, New Bedford, Mass. David Heffernan, Warren J. Scott, 
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William F. Sullivan, George F. Merrill, Percy A. Shaw, Francis H. Kings- 
bury, Arthur V. Harrington, Henry T. Gidley, Arthur L. Shaw, and Richard 
H. Ellis took part in the discussion. 

The topics, “Why Water Superintendents Lie Awake Nights,” and 
“Good Ideas That Didn’t Work,” were discussed by the following: Harold 
L. Brigham, Superintendent, Marlborough Water and Sewage Commission, 
Marlborough, Mass.; Walter B. Bushway, Superintendent, Brookline Water 
Department, Brookline, Mass.; Horace J. Cook, Superintendent, Auburn 
Water District, Auburn, Maine.; Patrick Gear, Superintendent, Holyoke 
Water Department, Holyoke, Mass.; George E. Hawkins, Superintendent, 
Brattleboro Water Department, Brattleboro, Vt.; Samuel E. Killam, 
Superintendent, Distribution Section, Water Division, Metropolitan Dis- 
trict Commission, Boston, Mass.; George F. Merrill, Superintendent, Water 
Department, Ware, Mass. 

[Adjourned.] 





PROCEEDINGS. 


Marcu MEETING. 
Hore Statier, Boston, Mass. 
Thursday, March 19, 1936. 


President Roger W. Esty in the Chair. 

Secretary Girrorp. The Executive Committee at this morning’s 
session elected the following members: Howard Huntington Potter, Assist- 
ant Engineer Public Utilities Commission of Maine, Augusta, Me.; Allen 
Jeffers Burdoin, Engineer with Howard M. Turner and Samuel L. Ellsworth, 
Boston, Mass.; Donald Percy Johnston, Assistant Superintendent Bangor 
Water Department, Bangor, Me.; Charles Edward Greene, Mechanical and 
Electrical Engineer with Metcalf & Eddy, Boston, Mass. 

THE PrEsIpENT. According to the constitution of the Association it 
becomes necessary for the members to appoint a Nominating Committee 
at this meeting. 

What is your pleasure in this matter? 

[It is duly moved and seconded that the President be empowered to 
appoint a nominating committee. The question being taken, the motion 
is unanimously agreed to.] 

A talk on “Radio in World Telephony” was given by J. W. Kidder, 
Toll Plant Extension Engineer, New England Telephone & Telegraph 
Company of Boston, supplemented by a short talking movie entitled, “The 
Sea-Going Telephone,” which was followed by a radio telephone conversa- 
tion between Mr. Charles Duffy of the New England Telephone & Telegraph 
Company and the Captain of the trawler Hecla. This paper was discussed 
by President Esty and Henry T. Gidley. 

A paper, “Changing a Town from Flat Rates to Meter Rates,” was 
read by Dwight L. Agnew, Manager of the Hingham and Cohasset Water 
Company, Hingham, Mass. Messrs. Stephen H. Taylor, Henry T. Gidley, 
Frank J. Gifford, and Roger W. Esty participated in the discussion. 

A paper, “Effect of Air Conditioning on Water Consumption,” was 
read by Harry C. Mayo, Vice-President and General Manager of Lawton 
Engineering Corporation of Boston. Messrs. Roger W. Esty, E. C. Sander- 
son, and David A. Heffernan participated in the discussion. 


[Adjourned.] 
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PROCEEDINGS. 


Spring MEETING. 
HARTFORD, CONNECTICUT. 
Tuesday, April 28, 1936. 


After an inspection trip of the Hartford Water Works, luncheon was 
served at the Farmington Country Club, Farmington, Conn. 

President Roger W. Esty in the Chair. 

The Association was welcomed by Hon. Charles A. Goodwin, Chairman, 
Metropolitan District Commission of Hartford. 

The President announced the death of John C. Chase, Derry, N. H., 
the oldest member of the Association. 

A paper, “Preliminary Investigations and Design of Bills Brook Dam,” 
was read by William Dorenbaum, Designing Engineer, Water Bureau, 
Metropolitan District, Hartford, Conn. A motion picture, “Construction 
Methods at Bills Brook Dam,” was shown. Caleb Mills Saville, Percy A. 
Shaw, Howard M. King, Henry T. Gidley, F. F. Longley, and Samuel M. 
Ellsworth took part in the ciscussion. 

A paper, ‘Distribution System Problems,” was read by Edward E. 
Minor, Manager and Chief Engineer, New Haven Water Company. The 
paper was illustrated by slides. 

A Round Table Discussion of Recent Flood Problems was participated 
in by Arthur D. Weston, Warren J. Scott, President Esty, George F. Merrill, 
and Caleb Mills Saville. 
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SprRiNG MEETING. 
EaGie Hore, Concorp, N. H. 
Thursday, May 21, 1936. 


President Roger W. Esty in the Chair. 

The Association was welcomed by Harry H. Dudley, President of the 
Board of Water commissioners, Concord, N. H. 

A paper “Description of the Concord Water Supply,’”’ was read by 
Percy R. Sanders, superintendent, Concord Water Works, Concord, N. H. 
Harry U. Fuller, Robert Spurr Weston, Percy A. Shaw, Milton Thorne, 
Theodore L. Cate, Donald C. Calderwood, Francis H. Kingsbury, Hervey A. 
Hanscom, Henry T. Gidley, J. H. Reed, Leonard W. Trager, and Frank J. 
Gifford took part in the discussion. 

A paper “Experience with Public Water Supplies during the Recent 
Flood,’’ was read by Leonard W. Trager, Associate Sanitary Engineer, 
Division of Chemistry and Sanitation, Concord, N. H. Francis H. Kings- 
bury, Frank J. Gifford, George F. Merrill, E. Sherman Chase, and Robert 
Spurr Weston participated in the discussion. 

A paper, “Improving the Manchester, N. H., Water Supply by Drain- 
age Diversion,”’ was read by Percy A. Shaw, Engineer and Superintendent, 
Manchester Water Works, Manchester, N. H. Francis H. Kingsbury, 


Henry T. Gidley, Harry U. Fuller, R. 8S. Holmgren, E. Sherman Chase, 
Robert Spurr Weston, and George F. Merrill took part in the discussion. 

A rising vote of thanks was extended to the Board of Water Commis- 
sioners of Concord, the Superintendent, and the members of the program 
committee of the meeting. 


[Adjourned.] 
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XANTHUS HENRY GOODNOUGH. 


XantTHUS HENRY Goopnovuau, son of Xanthus and Kate (Harley) 
Goodnough, was born in Brookline, Mass., on October 23, 1860, and died 
at Waterford, Me., on August 10, 1935. He prepared for college at the 
Brookline High School and was graduated from Harvard College in 1882. 
During his college course, not only was his scholastic record good but he 
also was prominent in athletics, being for four years stroke of his class crew 
which is reputed to have won all its races. 

After graduating Mr. Goodnough was employed for a short time by 
the Boston Main Drainage Commission, and then in general railroad work 
in the West. Returning to Massachusetts in 1885 he worked with the 
Massachusetts Drainage Commission on investigations concerning the 
‘North Metropolitan Sewerage System. In 1886 he entered the employ 
of the Massachusetts State Board of Health as an assistant to the late 
Frederic P. Stearns, Chief Engineer, and upon Mr. Stearns’ resignation in 
1895 Mr. Goodnough succeeded him. This position he held until 1914 when 
upon the reorganization of the Board he became Chief Engineer and 
Director of the Division of Sanitary Engineering in the Massachusetts 
Department of Public Health and continued in this position until, owing 
to age limitation, he was retired in October, 1930. Upon his retirement, 
Mr. Goodnough invited Bayard F. Snow to join him in forming an engineer- 
ing organization, which under the name of X. Henry Goodnough, Inc., has 
continued engineering practice, principally in the fields of water supply and 
sewerage. In this way Mr. Goodnough kept in touch with engineering and 
sanitary matters up to his final illness. 

During the thirty-five years that he was Chief Engineer of the Board 
of Health and Department of Public Health Mr. Goodnough guided that 
Board and Department ably and efficiently in matters of water supply, 
sewerage, sewage disposal, improvement of rivers, etc., and was engineer 
of some of the largest and most important public health investigations and 
projects ever undertaken by the state. His work of this character began as 
an assistant to Mr. Stearns during the investigations and the working out 
of the plan for the establishment of the Metropolitan Water Supply System 
for Boston and surrounding cities and towns, and thirty years later, during 
1919-22, he was Chief Engineer of a Joint Board which investigated the 
enlargement of this metropolitan supply by extending the system to the 
Ware and Swift rivers. His recommendations relative to this extension 
were contained in an elaborate and able report. His plan for enlarging the 
system was at first rejected, and a second commission proposed an entirely 
different plan. Finally, after extended legislative hearings and much con- 
troversy between the proponents of these two plans, Mr. Goodnough’s 
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plan was adopted. Throughout these hearings he displayed the able and 
adroit generalship always evident in his work. Upon the formation of the 
Metropolitan District Water Supply Commission to carry out this project 
he was appointed one of its consulting engineers and after his retirement in 
October, 1930, through the corporation of X. Henry Goodnough, Inc., of 
which he was a member, he continued to render services as such consulting 
engineer even to the time of his last illness. 

Among many other investigations made by Mr. Goodnough, the follow- 
ing may be mentioned as typical of his work: In 1895 he had charge of 
engineering work for improving the Concord and Sudbury rivers and the 
rebuilding of bridges over these streams; in 1895-97 he had charge of 
investigations for the improvement of the Neponset River and the Fowl 
Meadows and during 1911-15 he was engineer for carrying out this work; 
in 1896 he had general charge of an investigation for a sewerage system for 
Salem and Peabody; in 1899-1900 he had charge of further investigations 
for a main sewer for the South Metropolitan District and a new outlet 
into Boston Harbor; in 1906-07 he had charge of studies for the improve- 
ment of the Mystic River and Alewife Brook and designs for the improve- 
ment of the water supply of the City of Lynn; in 1914 he made plans for the 
extension of the Metropolitan Sewerage System in the Charles River Valley; 
in 1916 he, jointly with the City Engineer of Lynn, planned a new sewerage 
system for that city; from 1923-27 he was in charge of various special 
investigations for water supplies for Lawrence, Lowell and Methuen, and 
during the same years had charge of planning a general sewerage system 
for Salem, Peabody, Beverly and Danvers. 

Apart from his work for the Commonwealth of Massachusetts he was 
from time to time consultant for various municipalities and water and 
sewerage districts concerning water supply, sewerage and other sanitary 
engineering matters; among these, during 1907-08 for the City of Boston 
in regard to municipal waste disposal, during 1914 for the City of Providence 
in regard to water supply, and for the Metropolitan Sewerage Commission 
of New York, and during 1926 for the County of Los Angeles, Calif., 
concerning sewerage. 

On account of his intimate knowledge of all water supplies, sewerage 
systems and rivers of the State and his direction of engineering studies for 
the solution of a great variety of sanitary problems, he was preéminently 
known as an expert in public health engineering. His mastery of methods 
within his field made him a commanding figure in legislative committees 
before whom he was often called for consultation and advice, and he was 
alert and skillful in presenting his point of view before these committees. 
He was an efficient executive and understood the delicate art of human 
engineering, how to deal with men and how to get things done. He was a 
lover of mountains, forests, streams, and outdoor life, an ardent fisherman 
and a good companion. 
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Mr. Goodnough was the author of papers on various engineering 
subjects, including rainfall, stream flow, freshets, yield of watersheds, 
ground water supplies, drainage, disposal of sewage and municipal refuse, 
and in 1921 was the recipient of the Dexter Brackett Memorial Medal of 
the New ENGLAND WaTER Works AssociATION for his paper on Rainfall 
in New England. 

Mr. Goodnough was a member of the following societies: American 
Society of Civil Engineers, American Water Works Association (Honorary 
Member), New ENGLAND WaTER Works AssociATION (Honorary Member), 
Boston Society of Civil Engineers, Harvard Engineering Society (Past 
President), Society of the American Military Engineers, American Mete- 
orological Society and American Geographic Society. 

On October 5, 1892, he was married to Maria T. Dyer, who died on 
January 13, 1925. 

Mr. Goodnough was elected a member of the New ENGLAND WarTER 
Works AssociaTION on January 14, 1891, and was made an honorary 
member on June 21, 1927. 


ARTHUR D. WEsTON, 
Harry W. Cuark, 
Bayarp F. Snow. 
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FAYETTE F. FORBES 


Fayette F. Forses, Member for almost fifty-one years, Past President 
and Honorary Member of the New ENGLAND WaTER Works ASSOCIATION, 
died at his home in Brookline, Mass., on November 20, 1935. Mr. 
Forbes was born in Buckland, Mass., on May 9, 1851; he attended 
Williston Academy and the Massachusetts Institute of Technology, 
expecting to follow the occupation of Civil Engineer; after experience 
in engineering parties for several years, he held a responsible position 
in the first surveys for and in the initial construction of the Brookline 
Water Works and was appointed Superintendent of the system when it 
was put in operation in 1875, holding this position for the unusually long 
period of sixty years. A more accurate title of his actual position would be 
Engineer and Superintendent inasmuch as in addition to filling the latter 
position in a most efficient manner, he also designed and supervised practi- 
cally all of the many additions and extensions to the system, such as a 
covered reservoir, well fields and filtration works, required from time to 
time by an increase in the population of Brookline from 7 000 in 1875 to 
53 000 in 1935. 

Mr. Forbes was a pioneer in the use of the microscope to distinguish 
and classify the microdrganisms in drinking water in order to detect the 
particular forms of alge responsible for objectionable taste and odors in 
the water. He began this biological work in 1885 and for years made 
microscopic examinations of samples of water taken from the Brookline 
Reservoir; he contributed three valuable technical papers on this subject to 
the JouRNAL of the New Encianp Water Works AssociaTION, the 
first in 1890, when such literature was in its infancy. 

Mr. Forbes was also a pioneer in the restriction of waste of water, fully 
realizing that such action was mandatory in the case of the limited ground 
water supply of Brookline; beginning his campaign to reduce consumption 
in 1881, he persisted in his efforts until all service pipes in the system were 
metered early in 1905. 

In addition to his high standing in the water works field, he was 
a botanist of note, going far afield in vacation time to collect specimens of 
the flora of New England and Canada. He maintained an herbarium at his 
home from which a large number of specimens have been presented to and 
gratefully received by Harvard University. 

In the midst of a busy life, Mr. Forbes found pleasure and recreation 
in music, in which he became sufficiently proficient to be accepted as 
a violinist by the Boston Orchestra Club, an amateur organization of the 
highest standing. 
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Mr. Forbes was President of the New ENGLAND WaTER Works 
AssocIATION in 1899 and was made an Honorary Member in 1927. He 
contributed in all twelve valuable papers to the JourNAL of the Association. 

Mr. Forbes was an able, forceful and unusual man of the highest type; 
of strong convictions; conservative, yet forward looking and farseeing; 
intellectual and kindly. His devotion to duty was outstanding as is strik- 
ingly evidenced by the following remark made by him several years ago to 
one of the writers of this memoir: ‘(Remember the water in the Brookline 
mains is part of my life’s blood.” 

Mr. Forbes was married on March 15, 1876, to Rose L. Thayer, 
deceased, and is survived by his widow Mrs. Nina M. Forbes. 

Besides belonging to the New ENGLAND WATER WORKS ASSOCIATION, 
Mr. Forbes was an Honorary Member of the Netherlands Botanical Society 
and a member of the New England Botanical Club, Beth Horon Lodge 
A. F. and A. M., Appalachian Mountain Club, Brookline Firemens Relief 
Association, and Boston Society of Civil Engineers. 


Frank A. McInNNEs, Chairman, 
Watrter B. Busway, 
CHARLES W. SHERMAN. 








